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ABSTRACT 

Wherein the Province of Alberta ranks above the national average 
in terms of acute care beds per capita, the appropriateness and distri- 
bution of these beds for meeting the population's needs have not been 
analysed. This study was undertaken to develop a methodology for esti- 
mating the number (or percentage) of beds in each hospital used to pro- 
vide three levels of care - primary, secondary, and tertiary - based on 
patients' actual care-seeking patterns. 

The data base consisted of PAS abstracts and hospital Annual 
Returns for 1977 and 1978, and demographic data for census year 1976 
for the Province of Alberta. The methodology was establisned on the 
premise that beds are not equivalent, insofar as hospitals serving a 
large area support different levels of care. The methodology was 
developed in three phases: 1) derivation of the conceptual framework 
for estimating bed utilization by levels of care based on a regionali- 
zation approach and patient origin-destination data; 2) establishment 
of two sets of hospital-specific bed utilization profiles by levels of 
care using two divergent models of reality (Models A and B); and 3) 
evaluation of the methodology by assessing the utility of the bed util- 
ization profiles in explaining interhospital differences in operating 
costs. 

The significant results of this exploratory study are outlined as 
follows: 

1) There appears to be a natural regionalization process occurring 
with respect to the use of acute care services that conforms to 
the tendency of patients to minimize distance (travel time) when 


seeking hospital services. 
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72 Six distinct service regions and two major referral areas were 
identified. 

3) The average length of stay for patients seeking care outside their 
district of origin exceeded the average length of stay of patients 
SEEKING Carel Wicnin nein district of Onjigine  10rm ali districts 
except those which provided three levels of care. 

4) Estimates of primary, secondary, and tertiary care utilization 
rates expressed as a percentage of total provincial patient days 
were respectively: 1) Model A - 66%, 21%, and 13%, and 2) Model 
B - 58%, 30%, and 12%. 

5) Estimates of bed utilization by levels of care profiles for each 
hospital were useful in explaining interhospital cost variations, 
particularly the increase in diagnostic/therapeutic costs for 
tertiary care beds. 

6) The bed utilization by levels of care profiles were ineffective in 
explaining interhospital nursing cost differences. 

From the results obtained, it would appear that hospital bed util- 
jzation patterns, as iieasured by the methodology developed in this 
study, are linked to requirements for different levels of care, which 
in turn are associated with variations in hospital operating costs. 
Recommendations arising from these results are offered. These recom- 
mendations are aimed at validating and extending the methodology devel- 


oped in this study. 
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CHAPTER I 
INTRODUCTION 

Costs for health services are being scrutinized by the asta He 
increasing scepticism as the philosophical trend toward regarding 
health care as a right and not merely a privilege grows. A pervasive 
aspect of the resulting demands for accountability from government 
agencies in the funding of health services is the request of the public 
for equal access to appropriate and high quality health care. Concur- 
rently, the accelerated rates of change characteristic of modern soci- 
ety (Toffler, 1971) are reflected by significant developments in scien- 
tific knowledge, innovations in medical practice, and technological 
advances. Accordingly, the provision of health services has evolved 
from a simple, disease-oriented, curative system into a highly complex, 
multi-dimensional, health care industry. Specialization has become a 
dominant trend as health personnel narrow their scope of practice in 
order to cope with the complexities arising from these changes. The 
social, political, and financial costs associated with these trends 
necessitate careful planning for those components of the health care 
system most closely linked to medical-technological specialization and 
high costs -- namely acute care hospitals. 

In responding to these demands for acountability, planning for the 
optimal utilization of health care resources is one of the most crit- 
ical and difficult tasks currently facing decision-makers in the health 
care system. Planning as a rational process is dependent on the estab- 
lishment of an appropriate information base. Given the relative cost- 
liness of acute care hospitals in comparyson with other components of 


the health care system, investigation of the utilization patterns 
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associated with acute care hospitals is essential in developing a com- 
prehensive information base for health care planning. 
1.1 Nature of the Problem 

Although the Province of Alberta ranks above the national average 
(fourth highest) with 6.27 acute care hospital beds per capita, com- 
pared to a low of 5.55 in Quebec and high of 7.50 in Saskatchewan 
(Statistics Canada, 1981), the appropriateness and equitable distri- 
bution of these hospital beds for meeting the population's needs have 
not been comprehensively analysed (Dartnell, Pincock, Moore, Flynn, & 
Ding, 1977; Hospital Utilization Committee, 1980). It would appear 
that three confounding dimensions of hospital utilization limit the 
completion of such an analysis. The first dimension relates to the 
jimpact of referral patterns on hospital utilization. The geographic 
distribution of tne population has traditionally formed the basis for 
predicting utilization behaviours and allocating hospital beds. How- 
ever, preliminary investigations indicate the existence of patient 
referral patterns, resulting in actual utilization patterns for hospi- 
tal services that vary substantially from those expected using the more 
traditional (per capita) demographic approaches (Dartnell et al., 1977; 
Paine, 1975). Furthermore, establishment of an equitable basis for the 
distribution of hospital beds is complicated by the existence of signi- 
ficant variations in the operating expenditures per patient day across 
provincial acute care hospitals. The magnitude of these variations, 
which range from $71.84 to $501.33 per patient day in 1978-1979 
(Alberta Hospitals and Medical Care, Undated, pp. 74-76), indicates 
that hospitals may conceivably provide varying levels of services; 


thus, the equitable distribution of health care resources might more 
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accurately be assessed in terms of the number (or proportion) of beds 
in provincial hospitals which are used to treat patients requiring 
different levels of care. Although it is generally acknowledged that 
the nature of acute care services required by a patient depends on the 
complexity of his/her illness, lack of valid measures of need for these 
services further compromises the determination of an equitable distri- 
bution of resources. These three interactive dimensions are perceived 
_to constrain a comprehensive assessment of the stated problem. 

1.2 Purpose, Objectives, and Approach 
The main purpose of this study is to conduct an exploratory anal- 

ysis of utilization patterns for Alberta acute care hospitals in order 

to develop a methodology for estimating hospital bed utilization by 
levels of care, which reflects the actual care-seeking behaviours of 

Albertans. To accomplish this, the following research objectives were 

established: 

1) to derive a conceptual framework for estimating acute care bed 
utilization by levels of care based on an analysis of geographic 
variations in patient utilization patterns; 

2) to develop a methodology for estimating the numbers (or percen- 
tage) of beds in each hospital used to provide primary, secon- 
dary, and tertiary care to Albertans, using a series of patient 
origin-destination analyses; and 

3) to evaluate the utility of this methodology by assessing the 
relationship between estimates of bed utilization by levels of 
care for each hospital and operating costs. 

The establishment of planning alternatives which may be used to 


reinforce Government policy decisions is frequently restricted by lack 
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of suitable information. In undertaking this study, the investigator 
has endeavoured to use data which are readily available to provincial 
government personnel and, in the process, to assess the usefulness of 
these data in planning for the optimal distribution of acute care hos- 
pital beds in Alberta. 

It appears from the researcher's investigations that the develop- 
ment and application of a common methodology to all hospitals in a 
large study area, in order to derive hospital-specific estimates of bed 
utilization by levels of care, represents a new approach to studying 
hospital bed utilization. In deriving the methodology, it was neces- 
sary to evolve estimates of unknown population parameters based on 
assumptions (models) of reality as perceived by the researcher. As a 
means of testing the research approach, the methodology developed in 
this study was applied, incorporating two different models. 


Pyaiesigninicance of the Study 


Acknowledgement of the finite nature of resources available for 


es 


ensuring the public's welfare places a preinium on the rational distri- 
bution of these resources, particularly in regard to proportionately 
high cost components such as hospitals. Within the health care system, 
the initial policy decision to allocate funds for the construction of 
hospital beds embodies significant long-term financial implications. 
Based on recent per patient day operating costs and occupancy rates 
(Alberta Hospitals and Medical Care, Undated, pp. 74-76), estimates of 
total operating expenditures per hospital bed over a 30 year life span 
range from $620,000 to $4,400,000 in constant 1978 dollars. If the 
current trend towards medical specialization and the implementation of 


sophisticated, costly diagnostic-treatment technologies continues, 


hpi at “~{ baer ” ses « 


oS oma 7 


a 
ey Villy sm ae i oe i hong 4 
a 7 _ 
be if nay a rivd t i é BF e] Y oT nt ine ia. iv 
i is - 
| sfobith cb ie 
ror eal & 
| - Pr 4i3 *~ 749 ent we ites eee Fa 2 a 
ih ince a a 
‘ ia hat i o 
i ‘ = ’ : ' aryl Ji r ‘te ive - 
bay We in edits | 
' ‘ 
‘ { a ’ : P val Ri 
a r PD hen 
HY Fun) a, a Usa) q 
i/ 
i > (My) 
cv af WU ae Ed» \jae y Ve 
’ : 
Ce a | > i i ia "Gaus 3 ny 
aed 
» va 7 
yi . 2 i whvtie, ooh he 
r 
fi mer ry | > 1). tenet sy, 4 a Ve I a ’ 6 ¥P ’ 
‘ 7 ° 
cin a’ my. we yiie ave 
A ’ 
’ " + SI] nite ba 2" ' Spe 


‘SP | r Te ; ivamey® ifn’ wy! ; sat Patel iD lel oe f 
- ; a i a : 7 
ey ee bibgapeed a Ma bpprg vars “uv ‘Taek tor 
bette a 330 AS Nps —~ ro a ey Ai sehiiaediied bo. send 


* gists 98 TM, as ban ae eo “A ‘eome esreally 
24 eatin co Dae ma i — a ye 
' At . 7 1F. 
: 7 ae vb a 


v ts aut a ne if ; A a | 0, 
Pe.) “re via. ar ree 
so i 7 Sul 


escalation of costs will persist, particularly for those acute care 
hospital beds which are designated for treating more seriously il] 
patients. 

With the removal of most economic obstacles to obtaining health 
care services, the traditional economic supply and demand theories are 
inadequate for regulating the number and distribution of hospital beds. 
At the same time, different segments of the population espouse justi- 
fiable, but frequently divergent perspectives on the optimal allocation 
of health resources. In fulfilling its mandate, the Government's 
policy decisions regarding the allocation of health resources, such as 
hospital beds, should be based on rational information. In view of the 
various contextual variables involved, however, health care planners 
and policy initiators face a formidable task in determining acute care 
bed allocations which are economically, socially, medically, and polit- 
ically viable. 

In view of these complexities, the research undertaken in this 
study has multi-dimensional value. Specifically, the use of patient 
origin-destination data takes into account the variety of extraneous 
variables (e.g., patient preferences, physician referral practices, 
Climatic factors) which influence patients' actual utilization pat- 
terns. Estimates of the number of beds used to provide primary, secon- 
dary, and tertiary levels of care may be employed, in conjunction with 
small area variations in utilization rates, to detect possible imbal- 
ances in the provision of different levels of inpatient hospital ser- 
vices to specific populations. Given the premise that construction and 
operating costs involved in funding a primary level bed should be less 


than the associated costs of a tertiary level bed, a planning method- 
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ology which incorporates this degree of differentiation in calculating 
requirements for acute care beds has increased potential for cost- 
effective and efficient resource allocation. Determination of the 
relationship between referral patterns, geographic regions, and the 
designation of three levels of acute care beds may be of relevance in 
assessing the feasibility of regionalizing health care services. The 
findings of this study may be used to avoid duplication of expensive 
services in that the natural propensity of the population to utilize 
Specific services may be assessed and regional boundaries determined or 
adjusted to reflect these patterns. 

In recognition of the complexities of the health system, the 
investigator has undertaken this study in an effort to investigate new 
approaches to the problem and, thereby, to contribute to the develop- 
ment of a more rational basis for determining health resource allo- 
cation. 

1.4 Scope, Assumptions, and Limitations 

Scope. This study involves an exploratory, cross-sectional analy- 
sis of acute care hospital bed utilization patterns in Alberta, and the 
use of these data to develop a methodology for estimating the number 
(or percentage) of beds in the 121 provincial hospitals used to provide 
primary, secondary, and tertiary levels of care. The study is restric- 
ted to Alberta residents hospitalized in acute care hospitals in the 
province. Due to the lack of appropriate data, evaluation of two 
aspects of utilization behaviour were deemed beyond the scope of this 
study: 1) identification of the factors which influence care-seeking 


patterns when patients are faced with alternative sources of care, and 
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determination of whether or not there are sufficient hospital beds 


in Alberta to satisfy the health needs of the population. 


Assumptions. Implementation of this study was contingent upon the 


validity of the following research assumptions. 


1) 


By restricting the study to Albertans hospitalized in provincial 
acute care facilities, utilization data were analysed as if the 
province has a closed hospital system. Thus, it was assumed that 
non-residents accessing provincial hospitals and Albertans seeking 
care outside the province would have a negligible effect on the 
research results. This assumption was necessary insofar as utili- 
zation data for these two sub-populations were not readily avail- 
able and/or in a form that could be analysed within the framework 
developed for this study. 

Lack of generally accepted criteria for determining the approp- 
riate amount of care required by patients limits attempts to 
ascertain under or over-utilization. To compensate for this 
absence of valid standards, it was assumed that current utili- 
zation rates approximate the true need for various levels of 
inpatient acute care service in the province. In other words, the 
determination of adequate levels of utilization is in "relative" 
rather than “absolute” terms. 

A normative view of morbidity was adopted, based on the assumption 
that the basic needs of the study population for different levels 
of inpatient hospital care are more or less similar (although 
actual utilization rates for small geographically differentiated 


subpopulations may vary to some degree). 
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It is an accepted tenet that variations exist in the level of com- 
plexity and intensity of services available at different hospitals 
and required by patients. Numerous factors imust be considered in 
achieving an optimal match between the needs of patients and the 
services provided; measurement problems have limited the quantifi- 
cation of the components of this interaction. The terms "pri- 
mary", “secondary", and "tertiary" are commonly cited as a rela- 
tive means of distinguishing among levels of nospital care. For 
the purposes of this study, it was assumed that the ministrations 
provided by hospitals serving a large area could be differentiated 
into three levels of care. Furthermore, the assumption was made 
that provision of different levels of care is successively inclu- 
Sive: lower level services are available in hospitals providing 
higher level care. This assumption appears reasonable given that: 
1) most seriously il] patients required lower level services as 
well as specialized care, and 2) more complex levels of care are 
characterized by increasing degrees of personnel expertise and 
technological innovations. 

To establish a geographic basis for assessing the provision of 
acute care services in the study area using patient origin-destin- 
ation data, it was assumed that the most appropriate unit of anal- 
ysis would be the pre-established ‘hospital districts’: these 
districts divide the province into 103 mutually exclusive and 
exhaustive geographic areas. A further assumption was made that 
these hospital districts could be aggregated to form larger, more 


comprehensive regions which conform to patient referral patterns. 
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Congruent with the regionalization or ecology approach to analy- 
Sing patients' care-seeking behaviours, it was assumed that hospi- 
tals and hospital districts could be classified, according to dif- 
ferences in the levels of care provided or available for patients. 
These classifications formed the basis for measuring patient util- 
ization rates by levels of care. 

Two related assumptions regarding the concept of distance mini- 
mization were applied. First it was assumed that patients would 
access the hospital(s) located within their district of origin 
(i.e. the closest facility) if the appropriate level of care was 
available. If the required level of care was unavailable, it was 
assumed that patients would then travel (be referred) to the near- 
est hospital in another hospital district providing the necessary 
level of care. Utilization research has shown that distance mini- 
mization is a predominant factor influencing patients care-seeking 
patterns, particularly in rural areas. Given the geographic char- 
acteristics of Alberta, these distance minimization assumptions 
appear logical. 

Notwithstanding the effects of economies of scale in the provision 
of hospital care, it was assumed that the increased concentrations 
of specialized personnel and sophisticated technologies required 
to provide higher levels of care, give rise to inter-hospital 
variations in operating costs. At least part of these costs are 
related to the distribution of beds among the three levels of 


care, namely, primary, secondary, and tertiary. 
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Limitations 


The limitations affecting this study are associated primarily with 


limitation in the data and analytic techniques applied. 


1) 


The data used in this study were obtained from government sources 
which, in turn, were derived mainly from the compilation. of many 
regular reports submitted by the various hospitals. Compatability 
of the data is limited by the consistency among hospital personnel 
in interpreting and adhering to established criteria for data 
collection. Verification of the reliability and validity of these 
data was impractical given the quantity and confidential, techni- 
cal nature of the data. 

A limitation in assessing the utilization data relates to the unit 
of analysis employed during collection of these data. Utilization 
data are compiled using the separation episode rather than the 
patient as the unit of analysis. Every patient admission to a 
hospital, whether it involves re-admission for treatment of the 
same disease episode or a transfer fron another hospital is re- 
corded as an independent event (i.e., new patient separation). As 
a result, the utilization data may tend to over-represent the num- 
ber of cases treated in hospitals which transfer many cases to 
referral hospitals. To partially compensate for this limitation, 
analyses involving utilization data were completed using patient 
days, as well as separations. 

This study was limited to a cross-sectional analysis of acute care 
utilization patterns based on the most current data available 
(1977 and 1978). The investigator acknowledges that a longi- 


tudinal study, which incorporates utilization data collected over 
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an extended time period, would provide a more comprehensive 
assessment. However, complicating circumstances, including chan- 
ges in data definitions and the prodigious amount of data invol- 
ved, would have constituted an unwieldy data base, inappropriate 
for purposes of this study. 

Analysis of hospital bed utilization patterns, in conjunction with 
the related demographic data, was limited by lack of census stati- 
stics for the corresponding years. Insofar as detailed, area-wide 
demographic data are available for census years only (e.g., 1971 & 
1976), a two year differential exists between the utilization data 
analysed in the study (1977 and 1978) and the most current census 
data available (1976). This time lag may have contributed to 
minor under or over-estimates when adjustments were made for age- 
sex differences in the sub-populations. 

Patient origin-destination analyses undertaken in this study were 
limited by the use of hospital districts as the basic geographic 
unit of analysis. Significant variations exist in the circumfer- 
ance of these hospital districts, the demographic characteristics 
of the related populations, the transporation systems available to 
district residents, and the locational configuration of associated 
acute care facilities. Thus, the distances travelled by patients 
when seeking care from nospitals located within their district of 
origin or from the next "closest" hospital providing higher levels 
of care may not always be comparable. Although it is recognized 
that patient origin-destination data, based on point specific loc- 


ations, would provide increased accuracy, the collection of such 
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data and the complex analyses involved were deemed to be beyond 


the scope of this study. 


1.5 Definitions of Terms and Concepts 


The utility of any research is predicated on clarification of 


integral terms and concepts. Within the context of this study the 


following definitions were used. 


1) 


5) 


ACUTE CARE HOSPITAL - a facility which provides primarily for the 
diagnosis and short-term treatment of patients with a wide variety 
of diseases or injuries, with services unrestricted to a specific 
age group or sex. 

ACUTE CARE/SERVICES - refers to those diagnostic/treatment activ- 
ities involving patients after they have been admitted to a hosp- 
ital (i.e., occupy an acute care hospital bed). Services/care 
obtained by patients on an outpatient basis are not included. 
PATIENT ORIGIN - connotes the hospital district where a patient 
normally maintains his/her residence or legal address. 

DESTINATION - designates the acute care hospital from which a pat- 
jent is discharged following an episode of illness necessitating 
inpatient services/care. 

LEVELS OF CARE - represent the varying intensity or complexity of 
inpatient care/services provided within an acute care facility. 
The terms primary, secondary, and tertiary are used to distin- 
guish, in relative terms, the increasing degree of complexity and 
intensity in the levels of care a hospital is equipped and staffed 
to provide. Primary level care includes the provision of a large 
number of basic services; tertiary level care represents the least 


common and highly specialized services provided at the opposite 


12 


vith 


ae ue | , 
an, ee Me 


ti: iN enti 


ia 7 


T - Py 2 é + 
ir’% , i } 4a (ow Ae, i H a bk wilh ane 
: an 


“it agieior a] 


Te ' 
= 

2: 

mt s4 8 
Ahh ke + it oe A a e “| 7 ~ a OMe @ aly = | 
f 

art A 
; ‘nl 

Gite by ELVES ay Sty eee ae 


ated) ae 
oie cals Seb Taam 1 thy AM Arh thw Coens 1 Oe 
7 ¥ 4 Acer r 7 : 
> ; 7 : . i . an ; 4 oT 4 | T 7 26,9 : Z ¥ 
an a de ] 


aha? 4s 15 Aw ai ¥ oan a id 


sic it 5 a Le } | ; 


aco 6) 18429 Ing lee va 
: - - _ 
Sty ~~ ea me Aa , 


i Eecpeway How ait, WG oe rik wi 


7 


> . 7 : - 
, MARIE ne od) ah hs) mat Kw Mm aN ae ine wr 
an rian “i ¥ elie ge “ ' 
yy i 
toh ot, in 


Meg ee Ba Ts ida ae. ‘ay sein mais sind a aed a) 


rk aa ‘y 
* pees i 1Givr) 
" by oti a 
ooh A j 


| a ‘it iid: 2302 Pale 


at 
a] 


7 S 
-DPmriD ot! 4 ey = 


all pare 
yy 


10) 


11) 


1.6 


end of tne severity-complexity continuum, whereas secondary level 
care denotes those services required by patients who are moder- 
ately ill. 

PATIENT SEPARATION - the official departure of a patient (alive or 
dead) from a hospital. Discharge of a newborn is deemed to occur 
at the time of official release from the hospital. 

PATIENT DAY - the day, or portion thereof, which an individual 
Spends aS an inpatient in a hospital, usually determined by his/ 
her presence in a facility at 24:00 hours. 

PATIENT DAYS - total number of days spent by hospital inpatients 
during a specified time period. 

AVERAGE LENGTH OF STAY - the average number of days spent in tne 
hospital by inpatients wno were separated from the hospital (dead 
or alive) during a specified period. This is calculated by divi- 
ding the total number of patient days generated by separations for 
a specified time period. 

BED UTILIZATION BY LEVELS OF CARE PROFILES - an estimation of the 
number (or percentage) of beds in each hospital used to provide 
Level 1 (primary), Level II (secondary), and Level III (tertiary) 
care to patients based on the methodology developed in this study. 
CLASSIFICATION - the homogenous arrangement of hospitals and hos- 
pital districts by levels of care provided or available, respec- 


tively. 


Thesis Format 


The thesis is presented in six chapters and four appendices. In 


Chapter I the research objectives, significance of the study, 
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scope, assumptions, limitations, and essential definitions are 
noted. Chapter II is comprised of a review of literature relevant 
to the research objectives. Development of the conceptual frame- 
work used in this thesis is delineated in Chapter III. In Chapter 
IV, the methodology for estimating hospital beds by levels of care 
is derived, and the resulting application of this methodology is 
presented. An evaluation of the methodology provides the focus 
for Chapter V. In Chapter VI, the final chapter, a summary of the 
research findings, major conclusions, and implications for further 
research are outlined. Clarification or elaboration of specific 


aspects of this study are presented in Appendices A-D. 
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CHAPTER II 
A SELECTIVE REVIEW OF THE LITERATURE 

The following selective review of the literature is designed to 
provide an overview of developments and research findings in health 
care and related fields of study which are of Peyeiaace in achieving 
the objectives of this study. The four main areas included in this 
literature review are: 1) the theoretical relationships among con- 
cepts of need, demand, and utilization as related to the consumption 
and allocation of the health care resources; 2) uses of classifi- 
cation methodologies in health care with a major emphasis on the issues 
associated with measuring hospital output and the results obtained when 
measures of outputs are used to group hospitals; 3) applications of 
patient origin-destination methodologies in assessing hospital utiliza- 
tion patterns and resource allocation; and 4) previous studies conduc- 
ted on the Alberta health care system which are pertinent to this 
thesis. 
2-1 Need, Demand, and Utilization as Determinants of Health Care 

Resource Allocation 

Congruent with the tenet that a system exists for the purpose of 
accomplishing a goal(s) (Churchman, 1968), a primary goal of any health 
care system is to ensure the efficient allocation of resources in 
meeting the health needs of the population. Inevitably, in attempting 
to achieve this goal, discrepancies appear between the perceived need 
for health care and the quantity and distribution of resources to sat- 
isfy this need. The resulting ambiguity, uncertainty, and controversy 
can be linked to three aspects of need as used in relation to the sys- 


tem: 1) lack of a commonly accepted definition and/or measure of 
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health care needs; 2) existence of multiple and divergent choices on 
the relative balance of manpower and facilities which are appropriate 
in meeting health needs; and 3) the responsiveness of the population's 
need to changes in numerous, complex variables influencing utilization 
(White, Anderson, Bice, Kalimo & Schach, 1976; p. 207). 
2.1.1 Definitions of Need, Demand, and Utilization within the Health 
Care System 

Determination of tne optimal level of resources necessitates the 
existence of acceptable criteria for assessing need and for evaluating 
tne effectiveness of the measures taken in alleviating that need. Tra- 
ditionally, neoclassic economic theorists have analysed health care 
needs aS an aggregate concept by using the level of demand, determined 
by the pricing mechanism of the competetive market place (Boulding, 
1966, p. 202; Maynard, 1979, p. 121.) Demand equilibrium becomes the 
proxy estimate for need. Three significant factors influencing the 
utilization (need) of health care services include: 1) the stochastic 
nature of illness; 2) the lack of comprehensive information which 
deters consumers from making rational choices when selecting health 
care services; and 3) the presence of externalities which result in 
related costs or benefits in excess of the price charged to the con- 
Sumer. These factors result in serious challenges to the appropriate- 
ness of the market concept of demand as a basis for defining health 
needs and for allocating health care resources (Arrow, 1963; Culyer, 
1971; Evans, 1974; Maynard, 1979). 

Bounds nge(1966 w psimel4 ji, icoopern( 19745" p-- Oly | ehield (1973 Sep: 
766) and MacStravic (1978, p.8) added further substance to this pers- 


pective by elucidating that insofar as health tends to be socially 
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defined, tne individual's need for health care is a relative concept, 
lacking objective reality and subject to the evolving values of soci- 
ety. Meanwhile, physicians who have been designated by society as the 
“social gate keepers" of health care have evolved as the experts in 
defining healtn needs. Their decisions have a significant impact in 
determining the quantity and distribution of health care services 
(Arrows) 19637) pp.944-47-8 Cooper, 1974, p..912 "Griffith! 19/29. eo: 
MacStravic,°1973, (p. vii). 

Other researchers have supported the perspective that need should 
be defined as the amount of health services required to maintain a 
Specific population at a stipulated level of ‘well-being'; well-being 
tends to be measured against a subjective definition of the optimal 
level of health, based on current medical knowledge and usually estab- 
lished by a group of experts (physicians) (Allen & Karolyi, 1976, pp. 
17-18; Cooper, 1974, pp. 91-92; Feldstein, 1979, pp. 74-78; Griffith, 
97258 pps 20-212 eShonicks. 1978, Sp-arcs Warriens aa Haldoway 7” 978. opp. 
239-240). Jeffers, Bognanno, and Barlett (1971) identified the weak- 
nesses whicn limit this approach to defining health needs: 

An accurate specification of a population's ‘needs' for med- 

ical services requires perfect knowledge of its members' 

health, the existence of a well-defined standard of what con- 

stitutes 'good health', and perfect knowledge of what modern 

medicine can do to improve ill (or below standard) health. 

It must be acknowledged that existing diagnostic procedures 

are not capable of providing perfect knowledge of the state 

of any population's, or even an individual's health. It also 


must be acknowleged that a clear-cut consensus as to what 
constitutes ‘good health' does not exist among professionals. 


(p. 47) 


In recognition of these limitations, many of the preceding authors 
defined demand apart from the concept of need and, in the process, 


delineated two different components of demand which for purposes of 
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this study have been labelled ‘expressed demand' and ‘unexpressed de- 
mand'. Expressed demand refers to the level of health care used, aris- 
ing from the initiation of either the individual patient (including 
his/her guardian) or the physician acting as the patient's advocate in 
the process of care (diagnosis and treatment). As such, expressed 
demand was deemed to correspond to the level of actual usage patterns 
for health care (Griffith, 1972, p.21). Consequently, this component 
of demand in health care was identified as the "utilization" level for 
health care services (Scanlon, 1980 pp. 832823; Stuart & Stockton, 
1973). The second component, unexpressed demand, was defined as the 
level of services in excess of expressed demand (utilization) that con- 
sumers would use if unrestricted by financial or supply constraints 
(Cooper, 1974, pp. 91-92; Griffith, 1972, pp. 20-21). 

As an alternative to the aggregate approach, Donabedian (1973) 
proposed a patient-centred conceptual model for assessing health re- 
source allocations. The dual nature of health care interactions, 
involving the patient as well as the physician, was the primary focus. 
In developing this model, Donabedian (1973) defined need as: 

the states of health of illness as viewed by the client, or 
the physician, or both, as likely to make demands on the med- 
ical care system. Need is defined, therefore, in terms of 
the phenomena that require medical care services. (p. 64) 

From the preceding literature review, it is apparent that the def- 
inition employed in determining the existing level of need in the popu- 
lation, and the approach used to measure health needs have a direct 
impact on the allocation of health care resources. Due to the failure 
to achieve consensus on the criteria for assessing need (Boulding, 


1966, p. 202) and the supposition that infinite resources would not 


18 


tre b* the ; a ah 0) a sina — 


e * _ 


7 an : Ws 
ae ey yore “pyle vo el ! ~ poe aa. waster ee bie SAR 
ie | és : my - 
bit? ta jah) none ale ‘tbe Head bits ssi : 6. ot? siole r 
: 7° ay x » a 
A? sis & cette, & el 2 nA meislagy afi 
iia sip ‘Wie “i “whs ane ure _ ie 4 f] es OS 
siieq. op déu Igozpy Fated see ot ls mes. cd ieee 
ry ! 
ny) 4 aa e, Oey a 
_ 5 -* _ 
feval. “initer Te ma 
' - > ae 
ae i ai: iG bY 5 Ma i i Ag we, ty Saal 
“ 7 re 
} su 
tobe 
4 j ' 4/4 ; 146 74 "I 
| 
» “ i ‘| 
“Ath ' M Fie S947 
" : i : q fy is 
=? nie « 4 e a of) rama ova 
: a ? : ny? baer 7" ni a Sart pei tn woh 
— - ! - - a - ve 


_— 


hh eu, {i Dae 


Shy 
x 


‘in mien ath at hac an 


eliminate all health care needs (Cooper, 1974; Feldstein, 1967), health 
care planning according to need appears unattainable and potentially 
very costly. Thus many policy makers advocate reliance on actual util- 
ization behaviours as the basis for allocating health resources (Allen 
ceharolyi, 19765. Des em relidsteingel9/9:enp.4 74-102. BGri fhi thew 197 25 
p. 21). However, general disagreement among experts as to wnat mix of 
services should be employed in order to alleviate the identified state 
of need also influences the allocation of resources. This aspect is 
considered within the subsequent section. 
2.1.2 Determination of the Appropriate Allocation of Resources 

In recent years, the most salient characteristic of health care 
systems in industrialized countries is the trend towards specialization 
and increasing complexity in the delivery of health services. A signi- 
ficant aspect of this trend has been the exponential increase in diag- 
nostic/treatment protocols available and the skilled personnel employed 
in the provision of health services (Field, 1973, pp. 71-72, 75-76; 
Mechanic, 1977, pp. 62 & 69). Despite the extra resources used to 
provide these more complex medical services, it has been noted that 
related increases in productivity (as measured by improvements in the 
general health status of the population) have not occurred (Fuchs, 
1979, p. 155; Mechanic, 1977, p. 62). Assessment of an optimal mix of 
resources has been compromised by difficulties in evaluating the large 
numbers of new diagnostic/treatment services and by the apparent high 
value that the public places on the availability of these costly, tech- 
nologically complex health services (Inglehart, 1977, pp. 25-26; Field, 
DSi See Dre 7 15). 
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Failure to achieve positive changes in the general health status 
of a population with the use of more, costly, technologically sophisti- 
cated diagnostic-treatment services has implications in selecting the 
optimal mix of health care services. Bennett (1977, p. 129) and Field 
(1973, pp. 775 & 779) noted that recent changes in the health care sys- 
tem have usually been characterized by specialization and increasing 
complexity which were associated with "add-on" technologies instead of 
"substitute" technologies. The use of substitute technologies was per- 
ceived as providing an improved, more efficient and more productive 
means of accomplishing an existing task; whereas, the deployment of 
add-on technologies was seen as enabling the completion of tasks that 
were previously beyond the capabilities of medical practice. Bennett 
(1977) maintained that add-on technologies have a neutral or negative 
impact on overall productivity because: 1) additional costs are gen- 
. erated in providing these new services without improving the basic 
health status of the population, and 2) social cost may soar as a by- 
product of these technological add-ons (i.e., long term chronic care of 
a paraplegic “saved" by advances in technology). 

A similar perspective was enunciated by Mechanic (1977, p. 62) in 
identifying the limitations of recent medical-technological develop- 
ments which he labelled “halfway technologies". The majority of these 
expensive, sophisticated medical technologies tend to be associated 
with acute care hospital settings (Mechanic, 1977; Phillips, 1978; 
Russell, 1976). Russell (1976, p. 570) found that consideration of the 
high cost component services provided in a hospital, as opposed to 


analysing the hospital as a single service entity, was imperative in 
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assessing the optimal allocation of resources for different service 
needs. 

Industrialized countries have continued to expend the largest por- 
tion of health resources on sopnisticated, technology oriented, hospi- 
tal based health services (Abel-Smith, 1976; Blanpain, 1975, pp. 84- 
SI Groot 21975 jmp) 50 ee Statistics. 411 ustratemthate institutionally 
based health care services continue to receive the largest proportion 
of the health budget in Canada (Statistics Canada, 1962 & 1980). It is 
Suggested that government funding of research on life-prolonging and 
life-saving technologies (Inglehard, 1977, p. 26) and the inability of 
countries, which have health care systems financed through third-party 
insurance, to institute a comprehensive resource rationing mechanism 
(Mechanic 1977, p. 53) have fostered unrealistic public expectations 
regarding modern medicine. Consequently, demands for care have esca- 
lated, witn significant implications for planning of resource intensive 
services such as those provided in hospitals. 

Medical care “has become one of the largest industries in modern 
society" (Fuchs, 1979, p. 155). Techniques are needed to control the 
rapid proliferation in the number of service options available, pending 
evaluation of their cost efficiency and ease of accessibility for needy 
populations (Greenwald, Woodward & Berg, 1979). Mechanic (1977, pp. 
69-72) advocated the formulation of a planned system of primary, secon- 
dary and tertiary levels of services as a means of ensuring more effi- 
cient allocation of health resources. Primary level services would 
provide the main entry point to the system, with the potential for co- 
ordination between the more expensive secondary or tertiary level ser- 


vices, and the primary level controlled by regulation through the plan- 
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ning process (Mechanic, 1977, pp. 71-77). This approach to rationing 
health resources assumes that alternative mixes of resources may be 
used in satisfying similar care requirements. 

Given the complex supply and demand factors affecting the health 
care system, it is suggested that it may be unrealistic to expect that 
resources could be allocated on a strictly rational basis. Instead, "a 
more informal and flexible planning process is necessary, which inevit- 
ably leads to inequalities, at least where the allocation of very high 
cost, advanced technological procedures are concerned" (Office of 
Health Economies, 1979, p. 283). 

In summary, various alternatives exist in determining the approp- 
riate mix of resource allocations in health care. The proliferation of 
expensive medical technologies and the public pressure to make these 
services available without regard to cost efficiency at an aggregate 
level serves to complicate the realization of optimal resource allo- 
cation, particularly for those services provided in acute care nospi- 
tals. 

2.1.3 Variables Influencing Utilization 

In addition to the difficulties in defining health needs and un- 
certainty regarding the appropriate mix of resources to be required, 
planning for the optimal distribution of resources is further compli- 
cated by the complex factors affecting health care utilization. The 
literature is replete with studies which have endeavoured to identify 
and quantify the impact of these variables, especially in regard to 
hospital utilization; nonetheless, a selective review of this research 
illustrates that the nature of the relationship between these variables 


and utilization behaviour remains unclear. Although many different 
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models exist for analysing these relationships, three dimensions are 
commonly cited as influencing health care utilization: 1) demographic 
characteristics; 2) organization of the health care system; and, 3) 
societal trends (Andersen & Newman, 1973; Anderson, 1976 & 1973; Feld- 
Stein & German, 1975; Kennedy, 1980; Rosenthal, 1965; Rothberg, Pinto 4 
Gertman, 1980; Veeder, 1975). 

Extensive research has been conducted to evaluate the importance 
of demographic variables on hospital utilization. With regard to ethnic 
composition, various authors noted an inverse relationship between the 
percentage of non-whites in the population and hospital utilization 
(patient days or admissions) (Andersen & Newman, 1973; Feldstein & 
German, 1975; Cordle & Tyroler, 1974). Conversely, Ferguson (1976) 
found a positive relationship between the proportion of non-whites in 
the population and average length of stay (ALOS). Similarly, while 
various reseachers identified that older patients required increased 
hospital services (Andersen & Hull, 1969; Anderson 1973; McCarthy & 
Finkel, 1980), other researchers demonstrated that controlling for age 
produced insignificant effects on overall ALOS (Gornick, 1975; Rothberg 
et al., 1980). Investigations of the rural versus urban demographic 
dimensions have produced conflicting results. Anderson (1973), Ander- 
sen and Hull (1969), Harris (1975a), and Ro (1969) proposed that use of 
hospital services was positively related to the degree of urbanization; 
whereas the results of other research studies showed an inverse 
relationship (Feldstein & German, 1975; Roth et al., 1955). Analysis 
of demographic impacts of utilization related to socio-economic status 
have also yielded contradictory results (Bice & Rabin, 1973; Metcalfe, 


1977). 
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A number of studies focused on the organizational dimensions of 
the health care system and the associated effects on utilization. Sub- 
Stantial evidence exists to support the hypothesis (widely referred to 
as "Roemer's Law") that an increase in availability of services (e.g., 
hospital beds) leads to higher rates of utilization (Anderson, 1973; 
Harris, 1975b; Roemer, 1961a; Rogatz, 1974; Shain & Roemer, 1959). 
However, Other researchers postulated that the number and distribution 
of physicians have a significant impact on the relationship between bed 
supply and utilization, that conceivably distorts the manifest effects 
(Evans, 1974; Ro, 1969; Roemer, 1961b; Rogatz, 1974; Rothberg et al., 
1980). Indeed, the results of other studies indicated that both the 
number and type of physicians (general practitioners vs. specialists) 
nave variable, mediating influences on utilization behaviour which may 
diminish the influence of bed supply (Gaag, Rutten & Praag, 1975; 
McCarthy & Finkel, 1980; Rutten & Gaag, 1977). Other studies focused 
on the locational efficiency of hospital-related services and the 
influence this had on utilization (Abernathy & Hershey, 1972; ReVelle, 
Bigman, Schilling, Cohon & Church, 1977; Schneider, 1967). From a dif- 
ferent perspective, the teaching status, use of specialty consultants, 
and reputation of the hospital (Eastaugh, 1979; Ro, 1969) were identi- 
fied as factors affecting utilization. Other researchers concluded 
that the type of illness had negligible effects on average length of 
stay (ALOS) and/or utilization patterns associated with different 
regions and hospitals (Andersen & Hull, 1969; Harris, 1975b). Depen- 
ding on the research perspective, the effect of organizational vari- 


ables on utilization appears highly variable. 
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Societal trends, related to changing values and beliefs, affect 
the structure of the health care system and associated utilization pat- 
terns (Andersen & Newman, 1973; Fuchs, 1979; Field, 1973). Researchers 
have identified that technological changes (Mechanic, 1977; Russel, 
1976) and lifestyle variables (Lalonde, 1974; Mason, Bedwell, Swagg, & 
Runyan, 1980) are apparently related to utilization patterns. However 
the effects of these determinants are somewhat distorted by the increa- 
Sing bureaucratization of the health care system (Field, 1973; Fuchs, 
1979) and the "technological imperative" (the proclivity of physicians 
to employ new technologies simply because they exist) (Fuchs, 1968). 
Thus the abstract, interactive nature and gradual evolution of these 
trends inhibit endeavours to clarify and quantify their impact on the 
manifest demands of the population for health care. 

Based on the preceding selective review of the more commonly 
researcned variables, it is apparent that the nature of these relations 
is imprecise and often contradictory, depending on the perspective 
assumed. Measurement of their impact on utilization is therefore very 
dificult: 

2.1.4 Summary 

An overview of the theoretical relationships among need, demand, 
and utilization was provided as a basis for understanding the compl exi- 
ties involved in establishing a rational method for assessing need and 
for ensuring an equitable distribution of health resources. The major 
points related to the preceding literature review are as follows: 

1) Measurement of need for health services is constrained by the abs- 


tract, subjective nature of the concept. The amount of health 


25 


od uy . ; ’ ar =) 7 

’ a hot gat' Th ty Werts res 8 ee. wi . 

,; : » re it 7 

)) gwnreater 4 OOP anes pues 3 pate 


a 
pane fe Nye rw a 
5 f 


i 
a: “hiv 


E A ine , ie ra : 
ok ipnf i; 215 See TS Ih 22%, 9 Spek .eeees hy b9ae077: 
i«< Pa a iW it? | 'ey ’ it > b> a! 
tok Tos 
20 iy 7 CTT Ee aA tas pinay" siti 4 
rT . 
tt Sia Stuweh yin (2/t slopes “dap @e gee 
: eileen She 
»s tome | ee a ra = 
HeSly BOTH Geet iA pac _ eT 
i is ‘ ? ! | = 
14 ee - 
. . crae 3 do A rv 7 ew hed 
my ys é soe epics Lod Gay 4 " ; a s nh > " 
. } et 4 7 “tf | + t 
wi i, i m ay os ’ i a Oy T1230 ' Serer 
seony. iy The > Paes — 
: bn?” 6 Aedbd\ iy Adtb iba shied nev ae 
1 oti Th wt ' ' ey _ 4] 
i 
7 >) - 
ey } 7 if 
‘ \ “7 
7 ie” ¥ F 
j Vj ia 7 Jt ae . 
@ Sarl » oylaenursel a £50 A: ah ‘ges a) 
Pe oa ; = 7~ 
i SE (gale ties a ete 7 » iar ‘aie an ‘bs dy 
». . Pw ee Pe ah 407 we a a | a in 
‘Om 


i . ate 
ee aie 
uf a - oe 
: 7 gail hes! ca ‘3 vali - # oil). = i ae 
ah che: | 


“10 mes pattaglen _ 


State me Led ¥ 


cerns ast a: ad Mie 


a 


ets: 


services demanded (utilization) has generally been accepted as an 
appropriate, proxy measure of need for health services. 

2) The determination of optimal resource allocation is complicated by 
the proliferation of medical technologies, which have increased 
the number of treatment alternatives. This situation is particu- 
larly noteworthy in determining resource allocation for technology 
intensive facilities such as acute care hospitals. 

3) Health utilization patterns are a result of the combined effects 
of numerous, complex variables, related to demographics, organiza- 
tional characteristics, and social trends. Researchers have been 
relatively unsuccessful in clarifying the relationships between 
these variables and utilization patterns. 

2-2 Classification and the Allocation of Health Resources 
Vast amounts of data are required to provide a comprehensive 

assessment of the complex nature of the health care system as manife- 

sted in patient utilization behaviour. Assimilation of these data has 
often been facilitated by the use of data reduction techniques. Class- 
ification is a data reduction technique which is widely used for this 
purpose in various fields of study, including the health care system. 

In the dictionary sense, classification is defined as “arrangement 

according to some systematic divisions into classes or groups" (Web- 

ster's, 1979, p. 263). Within the context of the health care systen, 

the Report of the Working Party on Patient Classification (1973, p. 7) 

stated that the precise meaning of classification is "conceptually dif- 

ferent" depending on the circumstances and purpose surrounding its use. 

The primary purposes of classification are: 1) to facilitate the 


summarization and labelling of data for economy of memory and clarifi- 
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cation of communication; 2) to describe and simplify the structural 
relationships between constituent elements thus enabling the grouping 
of homogeneous elements according to general, identifiable criteria; 
3) to represent the data such that areas for further research are 
indicated; and 4) to simplify the retrieval of small amounts of infor- 
mation from a large system (Cormack, 1971, p. 322; Sokal, 1974, p. 
PGi. 

An understanding of the three main applications of classification 
techniques in the health care system is germane to the objectives of 
this study. A brief overview of two applications, disease classifi- 
cation and patient classification is provided primarily in order to 
clarify the concepts and terms. A more indepth overview of literature 
pertaining to the third application, hospital classification, is pre- 
sented because of its relevance to this study. 

2.2.1 Disease Classification 

Traditionally, the classification systems developed for use in 
medicine have been etiologically oriented (Bay, Stinson, & Leatt, 1982, 
p. 5). This orientation followed from the need to compile vital stati- 
stics and to evaluate progress in disease control. In 1883, several 
European countries compiled the first disease classification system by 
cause of death (World Health Organization, 1977, pp. VIII-XIII). This 
system evolved slowly until the World Health Organization published the 


first comprehensive morbidity and mortality classification manual in 


1948 (6th Revision of the International List of Diseases and Causes of 


Death). Based on this manual and subsequent revisions (known as the 
International Classification of Diseases (ICD)), two major disease 


classification systems were developed to meet the demands of the North 
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American health systems. First in 1959 the United States Public Health 


Department developed a modified version of the I.C.D. Revisions, 


entitled ICDA (International Classification of Diseases, Adapted for 
Indexing Hospital Records by Disease and Operations). Then, in 1968 
the United States National Committee on Vital and Health Statistics 
released ICDA-8 (International Classification of Diseases, Adapted for 
Use in the United States) (Commission on Professional & Hospital Acti- 
vities, 1969, pp. v-vi). 

Since 1954 the Commission on Professional and Hospital Activities, 
through an affiliated program known as the Professional Activities 
Study (PAS), has worked extensively with a large group of North Aneri- 
can nospitals in refining and formulating classification systems for 
collecting and analysing statistics primarily for evaluation of hospi- 
tal operations (Commission on Profession & Hospital Activities, 1969, 
p. IV). The PAS sponsored modification of the ICDA-8, known as the 
Hospital Adaptation of ICDA-8 (H-ICDA) provided a disease classifi- 
cation system which was predominantly clinically oriented and conformed 
to complex North American acute care usage requirements (Commission on 
Professional & Hospital Activities, 1968, pp. IX-XV). Provincial hos- 
pitals in Alberta use the PAS disease classification system for tabu- 
lating morbidity and mortality data. In addition, The Canadian Diag- 
nostic Codes (CDC), an abridged version of the three digit level ICDA-8 
system developed by Statistics Canada (1975) for Canadian use, can also 
be derived from the PAS data collected for Alberta. 

Disease classification systems provide a relatively efficient, 
simplified, objective approach to collecting a large amount of precise, 


health-related utilization data. Nonetheless, several weaknesses in 
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the disease classification system have been identified, including: 1) 
etiological inadequacies for specific diseases; 2) difficulties asso- 
ciated with comorbidity; and 3) wide variations in the intensity and 
amount of therapeutic requirements within a disease category (Bay, 
Stinson & Leatt, 1982, p. 5). In an effort to overcome some of these 
deficiencies, especially in determining wide variations in individual 
care requirements, patient-oriented classification systems have evol- 
ved. 
2.2.2 Patient Classification 

Alberta nealth care literature is replete with references to pat- 
jent classification systems. The intent in this literature review is 
to provide an overview of patient classification concept which is rele- 
vant to this study. The Report of the Federal Working Party on Patient 
Classification (1973) presented an inter-related three "universe" con- 
ceptual framework for patient classification. The framework provided a 
comprehensive basis for classifying an individual's needs for care at 
three different phases in the operation of the health care system. The 
first classification system, which corresponds to the. most general uni- 
verse, involved the categorization of the total population by the 
broadest categories of need, labelled "Categories of Health and Social 
Need". Included in this classification is the determination of re- 
source allocations according to such broad categories as preventative, 
public health, information, guidance counselling, ambulatory, and 
institutional services (1973, pp. 15-21). 

The second universe assumes that the individual manifests a speci- 
fic need for health and social services. It was proposed that "Types 


of Care Classification" was required at this phase, in order to match 
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the needs of the patient with the most appropriate program component 
(or health care setting) available within the current health care sys- 
tem (1973, pp. 24-41). Using this approach, the entire spectrum of 
care settings was linked to the corresponding care needs of patients 
and categorized into five distinctly different "Types of Care". The 
types range from Type I, associated with an ambulant patient who needs 
minimal care, through Types II-IV, which were designated categories for 
patients requiring different types of chronic care services, to Type V 
which was designated for patients requiring the services of acute care 
hospitals. 

The third classification approach, "Levels of Care Classification" 
(1973, pp. 55-63), applied to intra-hospital classification systems. 
Levels of Care Classifications were conceptually defined as the cate- 
gorization of patients according to their varying needs for nursing 
care within a specific care setting (e.g., all patients in Type V 
institutions). The measure of nursing care required was deemed to pro- 
eG surrogate measure of the volume and intensity of care needed 
(health resources) by patients in each level of care. It was acknow- 
ledged that this measure of need should be expanded to include all dim- 
ensions of care, not just nursing care, so that valid assessments of 
patients' needs and resource requirements could be made (Report of the 
Federal Party on Patient Classification, 1973, pp. 55-57). 

Empirical investigations of the utility of these three different 
approaches to patient classification have been limited generally to 
Types of Care and Levels of Care Classification systems. It would 
appear that Types of Care Classification systems should have appli- 


cation in this study, at the theoretical level, by providing the con- 
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ceptual basis for identifying that patients using acute care hospital 
services can be viewed aS a unique subpopulation (Type V) within the 
larger context of the health care system. Similarly, it would appear 
that the Levels of Care approach to classification and determination of 
resource allocation is relevant at the conceptual level. The concept- 
ual perspective that patients’ levels of care vary and that these 
levels of care can be differentiated by measuring the services required 
within one care setting supports the contention proposed in this study: 
that on a conceptual basis the beds of an acute care facility could be 
classified as a proxy measure of a hospital's resources allocated to 
patients within different care levels. 

Use of patient classification methodologies as a means of deter- 
mining resource allocation on a broad scale (across institutions) is 
limited by the reliance on need as a basis for assessment and by the 
lack of objective criteria for deriving levels of care classifications, 
because it has been developed primarily for intra-hospital use. It is 
unfortunate that levels of care classification has adopted relative 
terminologies to label each level such as average or above average, 
strongly suggesting that the results obtained are dependent on the 
institution involved. Even if comprehensive criteria were available 
for describing patients' needs, in the absence of a valid measure of 
quality of care, quantification of care requirements for individual 
patients would continue to be affected by the value judgements and 
skills of the observer and the environmental influences unique to each 
care setting (Giovannetti, 1978, pp. 84-89). Thus, the validity of 
statistical comparisons based on a level of care patient classifi- 


cation, for different hospitals in a large study area, is suspect. 
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Further, this approach would require substantial resources because 
individual assessment and classification of all or of a representative 
sample of acute care patients would be necessary. In an endeavour to 
circumvent some of these inherent weaknesses in the use of information 
obtainable from a patient classification approach for planning and 
resource allocation, particularly in the acute care component, resear- 
chers have tended to investigate the supply aspects of the system 
(i.e., services provided). This has resulted in the use of classifi- 
cation methodologies for comparing efficiencies in the use of health 
resources across nospitals. 

2.2.3 Hospital Classification 

In the broadest sense, the main function of an acute care hospital 
is to provide health care to a population in need; more specifically, 
this may be intepreted as supplying diagnostic-treatment services for 
the clinical management of patients. Since acute care hospitals have 
the highest rate of resource consumption, in comparison with other com- 
ponents of the health care system, research has focused on the effic- 
jencies of hospitals in supplying these services to patients. A by- 
product of these investigations has been the evolution of hospital 
classification methodologies as a means of comparing the use of resour- 
ces by homogenous facilities. 

Defining the Supply Function for Acute Care Hospitals. Supply, as 
used in economics, denotes the amount of output (product) a firm wishes 
to sell (Lipsey, Sparks & Steiner, 1973, p. 70). Within the unique, 
non-profit health care market, this term more appropriately denotes 
some gross measure of need or demand (e.g., bed/population ratios) or 


some other proxy measure of output (e.g., amount of nursing care re- 
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quired) (Donabedian, 1973, p. 212). In both instances, evaluation of 
production efficiency is constrained by the absence of comprehensive, 
uniform measures of the output of hospitals (Fetter, Youngsoo, Freeman, 
Averill, & Thompson, 1980, p. x). 

Donabedian (1973, p. 252) states that “the product of health 
resources’ may be defined in three ways: 1) services produced; 2) 
episodes of illness “appropriately cared for"; and 3) increments (or 
decrements) in health "depending on whether one used a "process" or 
“outcome" approach in assessing the products of hospitals. Concept- 
ually, Donabedian (1973, pp. 249-253) proposed that from the process 
oriented perspective the product of the system is medical care (ser- 
vices produced); conversely, from the outcome approach, the process of 
providing services is viewed as an intermediate step and instead 
changes in health status are emphasized as the real output measure. 
Donabedian proposed that the remaining measure, episodes of illness 
appropriately treated (cases), was a synthesis of the previous two 
approaches because "appropriateness" becomes an inherent measure of 
productivity. Similarly, Feldstein (1967, pp. 24-25) advocated the use 
of cases treated as a measure of output as it accounts for the rela- 
tionship between length of stay and cost per patient day. The limita- 
tions inherent in the use of this measure of hospitals’ output include: 
1) the definition of what is “appropriate"; 2) problems in delin- 
eating discrete episodes of illness in association with corresponding 
episodes of care; 3) problems of comparability of morbidity states; 
and 4) fixed costs for standby services (e.g., empty beds, ambulatory 


services) (Donabedian, 1973, pp. 251-253; Feldstein, 1967, pp. 24-25). 
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Assuming that an episode of illness (case), appropriately treated, 
is the unit of hospital production selected, it then follows logically 
that variances in hospitals' roles and/or the nature of the case-mix 
(i-e., age, sex, type, stage of illness) may result in differences in 
the services produced and tne resources used. In the following sec- 
tions, research in this area is reviewed. 

Determination of Differences in Hospitals' Outputs. During the 
last decade, a consensus has evolved that case-mix is the most direct 
measure of output differences across hospitals which are related to 
variations in the use of resources (Evans, 1971 & 1972; Lave & Lave, 
1970 & 1971; Klastorin & Watts, 1980).  Case-mix data (the relative 
proportions of different cases a hospital treats) has been used primar- 
ily in investigating resource consumption rate differentials within a 
population of hospitals (Evans, 1971; Feldstein & Schuttinga, 1977; 
Schumacher, Horn, Solnick & Cook, 1979). Fetter et al., (1980) pro- 
posed a broader use for case-mix data in such areas as utilization 
reviews, prospective reimbursement for hospital budgeting, and regional 
planning. A major deterrent in the use of this method of analysing 
output differences is the difficulty in establishing comprehensive and 
precise measures of case-mix that incorporate the numerous dimensions 
of this variable. Approaches to case-mix measurement can be broadly 
grouped into two main categories: 1) surrogate measures of case-mix, 
and 2) diagnostically based case-mix aggregates. 

The pioneering work in the use of surrogate measures of hospital 
case-mix was performed by Feldstein (1961), who demonstrated a linear 
relationship between cost data and the number of patient days, which he 


identified as proxy measures of hospital output. In recognition of the 
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multi-product nature of hospital output and in a desire to obtain an 
indication of the quality of these products, Lave and Lave (1970) ex- 
panded and refined Feldstein's surrogate measures; they employed hospi- 
tal size, as measured by the number of beds, and variables to represent 
teaching status and location (urban vs. rural) in estimating average 
cost functions. 

Carr and Feldstein (1967), in an endeavour to determine the effect 
of hospital size on the cost of providing inpatient care, used eight 
different proxy measures of the capability of hospitals to produce dif- 
ferent services. This method was expanded by Berry (1974), who used 
dummy variables, to indicate the presence of absence of 40 different 
services in order to investigate the inter-relationships among hospital 
size, average cost and scope of services available. 

At the same time, other researchers were advocating the use of 
diagnostic specific aggregates as the preferred approach to imeasuring 
case-mix differences across hospitals. Seminal research in the use of 
diagnostic aggregates of case-mix was initiated by Feldstein (1968) in 
a study of the British Health Service. Noting substantial variation in 
the proportional composition of the types of illnesses treated in dif- 
ferent hospitals, Feldstein aggregated all admissions to hospitals into 
nine general diagnostic service groups (i.e., general medicine, general 
surgery, paediatrics, obstetrics, gynecology, ears-nose-throat, trau- 
matic and orthopedic surgery, other surgery, and other general) and 
used the relative proportions of cases treated in each category to 
account for variances in operating costs. Lave, Lave and Silverman 
(1972) verified the utility of Feldstein's diagnostic-specific approach 


in determining hospital output differences. 
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A refinement in the use of the diagnostic-specific measures of 
output was advanced by Evans (1971) who investigated the effect of 
diagnostic- and age-sex-specific case-mix data on the dependent vari- 
ables, average cost per case and average cost per day, for 187 Ontario 
Hospitals. The results of this study supported the concept of diag- 
nostic and age-sex adjusted measures of hospital output. Evans (1971, 
p- 210) noted that large hospitals had higher costs per case, even 
when adjustments in length of stay (LOS) were “allowed for" by its 
inclusion as a separate independent variable; he concluded that this 
"raises the possibility that hospitals’ ALOS is not a sufficient repre- 
sentation of efficiency in throughput" and as such may mask the potent- 
jality that more severely ill patients, within different diagnostic 
aggregates, may be treated in larger hospitals. 

Evans and Walker (1972) investigated in more depth the issue of 
varying case-mix complexity by employing entropy proposed by infor- 
mation theorists, as a measure of case severity in British Columbia. 
Use of the complexity measure, and the diagnostic and age-sex aggregate 
case-mix measures accounted for 81% and 84%, respectively, of the total 
variance in cost differences across hospitals. Based on these results, 
Evans and Walker emphasized that the “pattern of discharge diagnoses is 
the critical determinant of inter-hospital variations in cost per case 
and cost per day" (1972, p. 399). 

An alternative approach to measuring caSe-mix complexity was 
developed by Thompson, Fetter, & Mross (1975). Discharge data was cat- 
egorized in 383 diagnostic related groups (DRGs) (Fetter et al., 1980; 
Mills, Fetter, Fiedel, & Averill, 1976). Each of the 383 DRGs were 


deemed to reflect homogenous groupings of diagnostic cases with respect 
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to: 1) resource use (output utilization) as measured by ALOS, and 
2) medical meaningfulness as defined by medical experts based on clin- 
ical considrations (e.g., primary and secondary diagnoses, primary and 
secondary surgical procedures, age) (Fetter et al., 1980, pp. 12-13). 
The relative complexity of different types of cases was linked to the 
costs incurred in providing care. This methodology revealed that sub- 
Stantial differences existed in the case-mix of hospitals that were 
“apparently” fulfilling “similar roles" in the health care system; 
there were significant differences in the amount of resources used by 
different hospitals in treating similar cases, particularly medical and 
surgical sub-specialty (Thompson et al., 1975, p. 305). 

By combining the key elements from the preceding two research 
studies, Horn and Schumacher (1979) developed a comprehensive approach 
to measuring the various components of case-mix. Following the infor- 
mation theory perspective employed by Evans and Walker (1972), Horn and 
Schumacher (1979) conducted a study based on complexity scores for each 
of the 383 DRGs (Thompson et al., 1975) using patient discharge data. 
Aggregate case-mix complexity measures were calculated for each hospi- 
tal (Schumacher et al., 1979). It was concluded that case-mix complex- 
ity has two distinct components: 1) a concentration component, and 
2) a risk or severity component. Each of these two components was 
identified as a significant predictor of cost per case across this hos- 
pital population. In addition, the results indicated that “hospital 
descriptors" (e.g., bed size, occuancy rates, educational programs, 
scope of technological facilities) "had little predictive effect on 
cost per case" when used in conjunction with measures of case-mix com- 


plexity (Schumacher et al., 1979, p. 1047). 
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As indicated by the review of the preceding literature, both proxy 
and diagnostic-specific, aggregate measures of case-mix have been 
effective in identifying differences in the output of hospitals and in 
accounting for variances in the use of resources across these hospi- 
tals. Nonetheless, Klastorin and Watts (1980) expressed concerns 
regarding the validity of such approaches, which are of relevance to 
this study. In assessing the construction of scalar measurements of 
case-mix proportions, Klastorin and Watts (1980) questioned the val id- 
ity of assuming that different diagnostic categories can be weighted in 
an additive form and the appropriateness of using linear mathematical 
functions for aggregating the vector representing case-mix proportions. 
These investigators then queried wnether or not the relationship among 
the elements of these aggregation indices was sufficiently similar 
across all units (e.g., hospitals or time periods) to justify using the 
same aggregation procedures for each hospital (1980, p. 679). Use of 
Q-type factor analysis to test for linear functional homogeneity with 
respect to resource use cast "doubt on the existence of a single set of 
empirically derived weights that would be valid for the construction of 
a linear index over an entire hospital population suitable for evalu- 
ating the appropriateness of variable hospital resource consumption 
rates" (Klastorin & Watts, 1980, p. 685). In response to the concerns 
identified by Klastorin and Watts (1980), hospital classification 
studies based on a multivariate approach have been conducted as an 
alternative to determining differences in hospital output by ascer- 
taining the existence of functional homogeneity within different hospi- 


tal populations. 
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Approaches to Hospital Classification. Hospital classification 


methodologies have been developed on the premise that the determination 
of resource allocation and the evaluation of efficiencies in the use of 
these resources, for different hospitals, are valid only insofar as 
comparisions are made among hospitals producing a similar output: in 
other words, serving a similar case-mix (Bay, Nestman & Leatt, 1981). 
Preliminary work in hospital classification focused on the use of proxy 
measures of hospital output as determined by differences in the number 
of services (e.g., laboratory, X-ray, paediatrics, intensive care, 
associated with a hospital. Using the total number of services provided 
by a hospital (Carr and Feldstein, 1967) or the assessment of the dif- 
ferent patterns of acquisition of these services (Berry, 1973; Edwards, 
Miller & Schumacher, 1972) as the basis for establishing homogeneous 
categories, a relatively consistent pattern of hospital groupings 
emerged. Analysis revealed that high levels of internal homogeneity 
existed among hospitals for each service category in terms of general 
operating characteristics (e.g., length of stay, number of beds, occu- 
pancy rates, cost per patient day). The resulting categories approxi- 
mated a continuum of acute case hospitals ranging from a large number 
of “basic service" hospitals, with the lowest values relative to the 
preceding characteristics, to a small number of “community service" 
hospitals, yielding the highest values (Berry, 1973; Carr and Feld- 
stein, 1967). Further analyses indicated that average costs per pat- 
jient day increases proportionately with the scope of services in hospi- 
tals (Carr and Feldstein, 1967, p. 160; Edwards et al., 1972,°p 309). 
In assessing these results with respect to determining the most cost 


efficient hospital size, Berry (1973 & 1974) concluded that: 
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The results of studies which employed more comprehensive proxy 
measures of hospital output, in conjunction with the use of clustering 
algorithms, supported the findings of the preliminary hospital classi- 
fication studies (Lance & Contandriopoulos, 1981; Phillips & Iyer, 
£9750. Although the type of hospital population and methodologies 
varied substantially, the results indicated a relatively consistent 
configuration of homogeneous groups of hospitals. Trivedi (1978, pp. 
262-263) described the resulting clusters of hospitals as ranging from 
“primary” type hospitals. characterized by their relative frequency, 
rural location and predominance of general practitioners on staff, 
through "secondary" type hospital groups, to "tertiary" type hospital 
groups which were few in number and were primarily large, metropolitan, 
teaching hospitals with a preponderance of subspecialty physicians on 
stati. Significant costs and length of stay differences among the 
various groups of hospitals were noted (Trivedi, 1978). 

Developments in the measurement of hospital output using diagnos- 
tic specific aggregatres and the evolution of computerized analytic 
procedures encouraged further refinements in hospital classification 
methodologies. Preliminary work in this area was performed by Lave and 
Lave (1971) who compared the relationship between hospital characteris- 
tics (e.g., number of beds, teaching status, scope of services) and 
diagnostic specific measures of output (aggregated according to the 17 
broad ICDA categories) in investigating role differentiation among hos- 


pitals. Lave and Lave (1971, pp. 36-38) concluded that: 1) case-mix 
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varies significantly across hospitals; 2) a small group of common 
diseases account for a large proportion of total inpatient days; 3) 
the case-mix of a specific hospital is relatively stable over time; 4) 
hospital characteristics (proxy measures of output) were deemed in- 
appropriate surrogates for approximating case-mix variations; and 5) 
some hospitals treated proportionately more common cases than others, 
although most hospitals treated at least a portion of all dieeeet 
types. It was proposed that a definite pattern of role differentiation 
existed with the more common medical and surgical cases being concen- 
trated in small, non-teaching, rural hospitals; the concentration of 
more complex cases (as equated with costs based on Blue Cross reim- 
bursement criteria) appeared to coincide with the increasing number of 
beds, scope of services, and teaching capabilities of the hospitals. 
Similar patterns of role differentiation among some Canadian hospitals 
were documented by researchers who classified hospitals according to 
diagnostic-specific PAS patient discharge data (Bay et al., 1981; Clea- 
ver, 1979) and a combination of diagnostic specific PAS data and proxy 
measures of hospital output (Lance and Contandriopoulos, 1981). 

An ecological approach, which is dependent on the use of a region- 
alization model, is the last approach to classifying hospitals reviewed 
in this study. This model is based on the premise that a large geogra- 
ohic area can be subdivided into health care regions according to trad- 
itional utilization patterns (Lusk, 1975; World Health Organization, 
1980, pp. 3-5). Within these regions, health care institutions are 
conceptualized as corresponding to a functionally differentiated hier- 
archy of facilities serving the varying health needs of the regional 


populations (McNerney & Riedel, 1962, p. 4). This model is designed to 
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ensure economically efficient volumes of production and optimal use of 
resources by distributing commonly needed services throughout the 
regions and centralizing specialized services (Finkler, 1979a, p. 264; 
Roemer, 1979, p. 72). Recognition of the functional overlap across 
different groupings of hospitals is a unique characteristic of this 
hospital classification methodology. Health care decision makers are 
gradually acknowledging the utility of regionalization as a framework 
for assessing many of the current problems (such as rapidly evolving, 
costly technology, demands for accessibility, and cost containment) 
affecting the health care system (Roemer, 1972; World Health 
Organization, 1980). 

Although the perspective differs, the general form of tne ecolog- 
ical approach to classifying hospitals is relatively consistent. 


Roemer (1979) outlined an ecologically derived "pyramidal" model for 
depicting the functional differentials existing anong hospitals in one 
region. Three specific groups of hospitals, varying in their scope of 
service, size, distribution, and prevalence, were identified including: 
1) several small (50-100 bed) hospitals, located close to the various 
concentrations of people throughout the region and capable of treating 
common health needs (e.g., minor injuries, normal childbirth, common 
infections); 2) a smaller number of intermediate hospitals (100-300 
beds), more centrally located in order to serve the populations of sub- 
regions already served by several smaller hospitals, and capable of 
treating more difficult cases (e.g., serious injuries, infections, 
abdominal surgery); and 3) a centrally located, large regional tedical 
centre (500-1000 beds), associated with a medical school, participating 


in research, and providing a full range of highly specialized services 
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for the treatment of the most complex illnesses (e.g., cardiac and 
brain surgery, cancer treatment). Roemer (1979) noted that the inter- 
mediate and central referral hospitals would retain a proportion of 
beds to serve the lower level needs of the regional population living 
in close proximity to these hospitals. A similar conceptual model for 
grouping the health needs of a regional population and the specific 
types of facilities associated with each level - “primary, secondary 
and tertiary" - was presented by Blum (1976, p. 92). Blum posited that 
the average cost per unit of service escalates as a patient moves from 
primary to the secondary level, and peaks in tertiary level facilities. 
Schultz (1970) developed a conceptual planning model for grouping 
health facilities that reflects the basic dimensions of the previous 
models; he postulated that patients are willing to travel further to 
receive more complex levels of care due to the inverse relationship 
between net social benefit (benefits minus costs) and opportunity costs 
(e.g., travel time, travel costs), and the unique nature of illness. 
Basic to the use of an ecological framework for classifying hospi- 
tals is the implicit, although unstated tenet, that in response to con- 
textual variables (i.e., the balancing of cost containment against pub- 
lic demands for accessibility) a natural pattern of functional differ- 
entiation among hospitals evolves. This pattern of functional differ- 
entiation corresponds to the three tier, successively inclusive groups 
of hospitals proposed. Empirical validation of this assumption and the 
precise nature of the resulting hospital categories has been limited. 
In an early, innovative study, Mountin, Pennell, and Hoge (1945) 
developed an integrated hospital system subdivided into regional ser- 


vice areas as a background for evaluating the distribution of health 
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facilities in many U.S. states. The system for each state was evolved 
through the subjective designation (based on the trade centre concept) 
of selected cities as “primary hospital centers" which were seen as 
serving the high level referral needs of populations in surrounding 
counties. Depending on the sophistication of services available, hos- 
pitals in other counties were then denoted as "secondary" or "isolated" 
centres. Mountin, et al., were the first researchers to enunciate the 
standard of 4.5 hospital beds per 1000 persons. Of these 4.5 beds, 
they proposed that 2.5 beds per 1000 persons be maintained in "isolated 
hospital centers", and the remaining hospital beds be allocated to 
“secondary centers" and "primary centers" to serve the referral needs 
of these sub-populations. It was determined that a “primary hospital 
center" should have .5 extra beds per 1000 population for all counties 
comprising the region in order to meet the high level referral needs. 

A modified ecological approach to clustering 123 Chicago hospitals 
was employed by Morrill and Earickson (1968) in an effort to account 
for differences in patient travel distances associated with each facil- 
ity. Using factor analysis, 99 variables were reduced to nine indepen- 
dent measures of hospitals. Three of these dimensions were related to 
such ecological determinants as the demographic and spatial character- 
istics of its service area and accounted for 28% of the variance. When 
the hospitals were classified according to these dimensions, several 
groups of hospitals were formed and each group was characterized by 
different utilization patterns. 

A single empirical study was located by the investigator that 
employed an ecological approach to grouping hospitals. Sharp and 


McCarthy (1971) classified hospitals into three groups - “local, sub- 
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regional, and regional" - according to their relative ability to at- 
tract patients. Although the functional overlap of these three classes 
of hospitals was alluded to by Sharp and McCarthy (1971), investigation 
of the degree of overlap (i.e., the proportion of hospital beds in sub- 
regional and regional hospitals dedicated to providing lower level ser- 
vices), which is a significant dimension of the ecological approach to 
categorizing hospitals, was not pursued. 

The foregoing review of the literature related to hospital classi- 
fication research illustrates that a relatively consistent pattern of 
functional differentiation appears to exist among acute care hospitals 
which is linked to variations in resource requirements. The evolution 
of hospital classification methodologies has closely paralleled devel- 
opments in the measurements of hospital outputs. Difficulties in def- 
ining the nature of the product supplied by hospitals has constrained 
the development of these classification methodologies. 

2.2.4 Summary 
An overview of the major approaches to classification methodolo- 

gies in the health care system was provided, not only to place this 

classification study in perspective, but also to clarify some of the 
concepts used in the methodology. The major points related to the use 
of classification methodologies in the health care system are noted. 

1) The value of classification methodologies in health care is direc- 
tly related to their usefulness in condensing large amounts of 
data into relevant, manageable sources of information essential 
for the successful administration of such a complex system. 

2) Within the context of the health care system, the grouping of pat- 


jents according to common disease etiologies - Disease Classifi- 
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cation - is the most well-established and widely used classifi- 
cation system; it provides an objective approach to estimating the 
Similarity of care needs and resource use across different patient 
populations. However, this approach has limitations in dealing 
with chronic diseases or degenerative conditions since etiology 
alone is usually insufficient to prescribe care requirements. 
Patient classification methodologies are divided into two approa- 
ches: 1) classification of patients by “Types of Care” (inter 
program or facility), and 2) classification of patients by "“Lev- 
els of Care" (intra program or facility). Both approaches are im- 
portant components of the conceptual base for this study. 

Various measures of hospital output have been developed ranging 
from single proxy measures to complex diagnostic-age-sex specific, 
aggregate measures of case-mix severity. 


Investigation of the relationship between various measures of hos- 


pital output and costs generally support the proposition that a 


continuum of acute care nospital groups exists, ranging from pri- 
mary care hospitals which treat common illnesses with a relatively 
low per unit cost, through secondary hospitals, to the other ext- 
reme of a few, large, technologically complex, tertiary care hos- 
pitals which have the highest per unit costs. 

Advocates of the ecological approach to hospital classification 
maintain that a pattern of functional differentiation exists when 


hospitals are classified according to differences in outputs. 


2-3 Patient-Origin-Destination Research 


The importance of assessing the output of the health care system 


in relation to the consumption patterns of its service population (mar- 
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ket) are widely acknowledged. Three different approaches to estab- 
lishing a service base for assessing health care production - consump- 
tion relationships have evolved: 1) optimal/normative; 2) adininis- 
trative; and 3) ecological/empirical (Shonick, 1976, p. 62; Taliaferro 
& Remmers, 1972, p. 337). Using the normative approach, the boundaries 
of the service area (market) are prescribed by the researcher/planner 
with the objective of optimizing health care delivery in relationship 
to some predetermined criteria. With the second approach, administrat- 
ively created service bases are arbitrarily defined to correspond to 
pre-existing political boundaries, thus emphasizing administrative 
expediency without regard to the health care phenomena under consider- 
ation. The third alternative, the ecological approach, involves the 
use of actual consumer origin-destination flow patterns in assessing 
utilization. Basic to the optimization and administrative approaches 
is the delineation of the geographic component of the service base, 
which is then used to identify the relevant aspects of the associated 
population; conversely with the ecological approach the service base jis 
outlined and then the associated geographic area is derived. 

The health care sector in most industrialized countries is charac- 
terized by freedom of patient choice; this allows patients and physic- 
jans to transcent adininistratively convenient geographic boundaries and 
to establish utilization patterns based on individually defined crit- 
eria, which may differ widely from optimal criteria established at the 
aggregate level. Therefore, patient origin-destination methodologies 
appear to offer the greatest potential for establishing a framework to 
analyse health care consumption behaviour. Raasok (1979) conducted an 


extensive review of patient origin-destination studies as a basis for 
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assessing nursing home utilization patterns in Alberta. As identified 
by Raasok (1979, p. 34) and others (Griffith & Wellman, 1979, p. 295; 
SCHOMTCK2 a JLCGw DemmeOos ecoLudnicki, 1975a, p. vl4)2eresearchmpesedmion 
patient origin-destination methodologies can provide insight into three 
different aspects of health care utilization: 1) analysis of utiliza- 
tion patterns; 2) delineation of institution-specific or area-wide 
service populations and service areas for planning purposes; and 3) 
determination of efficiency and effectiveness in the allocation of 
resources for area-wide control and planning. 

2.3.1 Analysis of Health Care Utilization Patterns 

Spatial analyses of patients' care-seeking behaviours have provi- 
ded enpirical data which tend to substantiate the existence of a funct- 
jonally differentiated network of institutions in the health care 
System that are associated with different patient utilization patterns. 
As well, the aspects of travel time and travel distance have been 
repeatedly identified as intervening variables which have a significant 
impact on patient utilization behaviours. 

In a seminal study of health care utilization patterns undertaken 
in 1945, Ciocco and Altenderter (1945) employed a patient origin-desti- 
nation methodology to determine the interdependence relationships among 
several counties with regard to the provision of medical services. The 
degree of dependency of one locality upon the medical services of an- 
other area was assumed to be a function of the flow of patients. Two 
ratios were developed to quantify these flows using birth statistics. 
The analysis revealed that approximately 18% of the counties functioned 
as centers of medical care for 66% of the other counties; the remaining 


centres exhibited both inward and outward flows which confounded their 
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destination as either "centres" or "dependent" counties. However , 
these results were limited by the fact that researchers analysed only 
obstetrical services. 

Other researchers have assessed health care utilization patterns 
using patient origin-destination data. As indicated previously, Morr- 
i11 and Earickson (1968) used patient origin-destination data to group 
hospitals and to study related utilization behaviours as a function of 
distance. Morrill and Earickson (1968, pp. 26-34) concluded that: 

These distance relations demonstrate a meaningful, consist- 

ent, and significant behaviour. They support the notion of a 

hierarchical spatial structure of hospital distribution in 

the Chicago area. The distance relationships described were 

sO homogeneous within a hospital type, and so consistently 

different between groups, that such findings can be safely 

incorporated into models of hospital use. 

A simplified cross-tabulation analysis of patient origin-destina- 
tion data for hospitals in a primarily rural area (Sharp and McCarthy, 
1971) showed a relationship between the concept of hierarchical differ- 
entiation among hospitals (Morrill & Earickson, 1968) and the geograph- 
ically based concept of medical service interdependence (Ciocco & 
Altenderter, 1945). Based on the “radial mileage distance" travelled 
by the patients and the general “ebb and flow" of patients, three cate- 
gories of geographic regions were identified: 1) regions demonstra- 
ting a net importation of patients; 2) regions experiencing a balance 
between the import and export; and 3) regions yielding a net export of 
patients to other regions. The results indicated that the “import” 
regions were dominated by the presence of "regional" hospital centres 
which attracted patients from throughout the immediate region and other 


surrounding regions. "Export regions" were characterized by the pres- 


ence of “local” hospitals which catered to the less complex health 
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needs of the local population. Travel distances appeared to be direct- 
ly related to utilization patterns, in that patients who travelled lon- 
ger distances tended to have significantly longer lengths of stay when 
hospital ized. 

Elaimy (1969) investigated the relationship between patient utili- 
zation patterns and the functional nature of hospitals by assessing 
case-mix complexity, the technical sophistication of hospitals, and 
patient travel distances/times. Significant positive correlations were 
obtained for measures of patients' case-mix complexity, the technical 
adequacy scores of the admitting hospitals, and the corresponding pat- 
jent travel distances/times. Shonick (1976, p. 71) notes that the 
Elaimy (1969) study supports the proposition "that a good deal of self- 
regulated regionalization, regarding the matching of case severity to 
hospital sophistication, already exists in the natural referral pat- 
terns of physicians and in choices made by patients." 

Efforts have been made to measure the degree of regionalization 
which is apparent in the care-seeking behaviours of patients. Gordon, 
Weldon, and MacLean (1974) reported that utilization patterns for gen- 
eral hospitals in Nova Scotia between 1967 and 1972 showed that there 
was an increasing tendency for the seven health care "regions" to rely 
on the teaching hospital in the “referral region" for the provision of 


inpatient services to their respective populations. In addition, “out 
of region" patients admitted to the "referral region" hospitals had 
consistently longer ALOS in comparison to patients hospitalized within 
their region of origin, which the authors atttributed to the possibil- 


ity that more seriously ill cases were being referred (Gordon, Weldon & 


MacLean, 1974, pp. 51-52). It was determined that approximately 80% of 
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all residents obtained hospital services within their region of origin 
(MacLean, Weldon, & Gordon, 1974, p. 193). In order to quantify the 
degree of regionalization occurring, MacLean et al., (1974) and MacLean 
and Weldon (1977) developed a “self-sufficiency index". This index was 
intended as a iieasure of the inter-regional flows associated with pat- 
jents using hospitals outside their area of origin. 

While the tendency for patients to minimize distance in seeking 
care has been recognized, Shannon, Bashshur, and Metzner (1969) found 
that travel time, especially in urban areas, is a more significant mea- 
sure of the accessibility associated with utilization than travel dis- 
tance. Marninson (1964) demonstrated the effectiveness of using a 
“time circle", instead of the usual distance circle, to represent dif- 
ferences in patients’ accessibility to health care associated with the 
construction of new transportation routes. Similar results were ident- 
ified in other origin-destination based studies (Drosness, Reed, Lubin, 
1965; Lubin, Drosness & Wylie, 1965). These results were collaborated 
in a subsequent study by Drosness & Lubin (1966). 

In addition to illustrating the relationships among patients' care 
seeking behaviours, functional differentiation across hospitals and 
travel distances/time implications, patient origin-destination method- 
Ologies have been used to investigate the influences of other context- 
ual variables on utilization. In a comprehensive assessment of factors 
affecting obstetrical utilization in urban areas, Studnicki (1975b) 
found that, while distance minimization factors were operative, other 
organizational variables (i.e., location of physicians, hospital admis- 
sion privileges, the relative importance of obstetrical services to the 


hospital) and ethnic characteristics of the patients also affected 
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utilization patterns. Investigation of changing organizational prac- 
tices was the focus of a study by Zuckerman (1977) who analysed rele- 
vant changes in hospital utilization patterns in response to an increa- 
sed emphasis on outpatient services and the implementation of new 
funding policies. In an innovative patient origin-destination study of 
nursing home utilization patterns, Raasok (1979) indicated that organi- 
zational characteristics (i.e., type of ownership, size, accreditation 
status) appeared to influence utilization patterns and that demographic 
characteristics (e.g. sex, marital status) varied between geographi- 
cally differentiated (urban vs. rural) user sub-populations. 

Socio-economic factors affecting care-seeking behaviours nave also 
been the focus of some patient origin studies. Bosanac, Parkinson, and 
Hall (1976) determined that “inaccessible populations" (located outside 
a 30 ninute travel time criterion) were characterized by socio- 
demographic attributes which were among the key correlates of high 
health care utilization. Other selected examples include the study by 
Miner, Greene, Salber, and Scheffler (1978) concerning the influence of 
racial origin, level of income, waiting time, and travel times on util- 
ization of medical services by rural inhabitants, and a study by Bash- 
shur, Shannon and Metzner (1971) regarding the influence that socio- 
economic variables (e.g., race, education, income) and spacial vari- 
ables (i.e., office location) have on the selection of hospitals, 
physicians, and dentists. 

Analysis of the preceding literature reveals that two predominant 
factors influence patient utilization behaviour: 1) the tendency to- 
wards distance minimization (measured by actual distance or travel 


time, and 2) the tendency for utilization patterns to correspond to a 
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regionalized concept of functional differentiation across hospitals. 
With the possible exception of the Elaimy study, it is apparent that 
investigation and quantification of this unique relationship have been 
limited. Further analyses of this area may prove useful in determining 
resource allocation by levels of care for acute care hospitals. 

2.3.2 Delineation of Service Areas and Service Populations 

Implicit in the mandate of any service organization is the respon- 
Sibility to meet the needs of its "constituency". Evaluation of the 
efficiency and effectiveness with which an organization fulfills this 
responsibility is directly related to a clear delineation of the nature 
of its respective constituency. On a conceptual level, it is generally 
accepted that the constituency of a health care facility is comprised 
of two related but different components: 1) the geographically based 
"service area", and 2) the demographically derived “service popula- 
evOe MGrittitm#, elo/oe Wear lo; OMacStravac,eal97es mp.cnol )s Patient 
origin-destination methodologies have been extensively used by resear- 
chers in operationally defining the service area and service population 
components. 

The Poland-Lembcke study (1962) was the earliest, significant 
study to empirically define hospital service areas by incorporating 
actual utilization patterns (based on patient origin-destination data) 
(Griffith, 1972, pp. 68-79; Shonick, 1976, pp. 65-67). The methodology 
applied the untested normative assumption that, in adapting to existing 
ecological variables, the provision of hospital services in the study 
area followed a regional hierarchical approach; within this context, 


Poland and Lembcke perceived a hospital service area as being: 
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a distinctly defined geographic area containing one or more 

hospitals that supply most of the hospital care needs of its 

inhabitants. The shape of such a district is decided by its 

size and drawing power in relation to the surrounding hospi- 

tallis. GShonick, lO7Gywn. 866) 

Using patients’ postal addresses obtained from hospital records, 
Poland and Lembcke (1962) amalgamated townships to form equal-likeli- 
hood service areas such that the boundaries corresponded to those 
points at which there was an equal probability that patients would seek 
care at a specific hospital as opposed to travelling to all other in- 
Stitutions. Analysis of patient flows within the resulting service 
areas indicated that the "technical sophistication" of a hospital was 
directly related to its ability to draw patients over longer distances. 
Also, those patients with more complex diseases tended to travel fur- 
ther for hospital services. In response to these results, Poland and 
Lembcke (1962) concluded that patient utilization data provides the 
means for measuring the degree of regionalization in the provision of 
health services. 

In contrast to the multi-hospital, area-wide perspective of the 
preceding study, subsequent researchers have tended to emphasize the 
delineation of service areas from the individual hospital's perspec- 
tive: commonly referred to as defining a hospital's catchment area 
(Shonick, 1976, p. 68). Using this approach, Meade (1974) delineated 
individual hospital service areas based on techniques similar to the 
Poland-Lembcke study. Patient origin-destination data were coded by 
patients' zip code addresses. Separate hospital service areas were 
then formed by clustering those zip code areas from which at least 60% 
of the respective populations requiring hospital services attended a 


similar hospital. Although the service areas thus constructed varied 
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Significantly in size and shape, the results confirmed that over 75% of 
the study population was served in the nearest hospital. Relative 
long-term stability in the size and form of rural hospital service 
areas was substantiated by Meade (1976) when the study was repeated 
using the same population. 

Other researchers have been preoccupied with the difficulties in 
defining hospital catchment areas in densely populated urban areas. 
Cardwell (1964) attempted to rationalize the planning for Metropolitan 
Chicago by dividing the city into census tracts and then amalgamating 
those census tracts with similar utilization patterns into larger hos- 
pital service areas. Droness, Reed and Lubin (1965) developed a compu- 
ter based spatial representation of hospital service areas which depic- 
ted the admissions to each urban hospital as a percentage of total 
admissions to all hospitals from each census tract. Similarly, Morrill 
and Earickson (1968) and Studnicki (1977) integrated census tract data 
and patient origin-destination data to establish service areas for 
specific hospitals in densely populated urban areas. Results from many 
of these studies demonstrated the existence of overlapping service 
areas with wide variations in size and form. In urban settings these 
service areas were not always congruent with the minimization of travel 
distance/time. This difficulty in defining a hospital's service area 
in urban settings was related to the increased mobility and eclectic 
preferences of consumers in urban areas where there is a preponderance 
of different hospitals (Griffith, 1972, p. 82; Zimmerman, 1975, pp. 
46-48). 

The aforementioned researchers used patient origin-destination 


data to delineate hospital service areas with the implicit assumption 
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that the geographic boundaries of the hospital service areas were the 
optimal basis for identifying the second component of the service con- 
stituency, the service population. Cognizant of the weaknesses in this 
“all of nothing" approach, other researchers employed patient utiliza- 
tion data to develop an alternative approach to determining service 
populations which need not be defined within the context of a corres- 
ponding hospital service area. 

Griffith (1972) pioneered this research in response to observed 
weaknesses in the “equal-likelihood" approach to determining hospital 
service populations of Poland and Lembcke. Griffith (1972) criticized 
the inflexibility of the equal-likelihood methodology in that: 

the procedure approximates by a dichotomous decision (in the 

service area or out) what is actually a much more fluid rea- 

lity, a continually decreasing tendency to use a given hospi- 

tal as the distance from it grows. (p. 75) 

He noted that this methodology was particularly remiss in accounting 
for two particular types of service populations: 1) the secondary 
referral populations in rural areas, and 2) the diffuse utilization 
patterns of densely populated urban areas (Griffith, 1972, p. 74). To 
overcome these limitations, Griffith (1972) developed the relevance and 
commitment indices for identifying hospital service populations. The 
relevance index (R.I.) was defined as the percentage of total patients 
from a selected small area admitted to each of the study hospitals 
(Griffith, 1972, p. 76) or the percentage tendency of residents to use 
a particular hospital. Griffith, therefore, proposed that it was poss- 
ible to obtain a graphic illustration of a hospital's service area. 
The second index, the commitment index (C.I.), was defined as the per- 


centage of total admissions to a particular hospital which originate 
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from each small area under study (Griffith, 1972, p. 76) or as a mea- 
Sure of the tendency of a study hospital to serve different small 
areas. 

It appears that the service constituency concept may have utility 
in this study as a means of grouping hospital districts based on simil- 
arities in patient utilization patterns. Delineation of small area 
resource consumption rates as a basis for control and planning is a 
related aspect of this concept that is presented in the subsequent 
section. 

2.3.3 Analysis of Resource Utilization for Control and Planning 

Insofar as comprehensive, valid measures of the health needs of 
patients and tne outputs of hospitals have been unavailable, assessment 
of the equitable distribution and efficient use of resources has been 
constrained. As a result, researchers have substituted analyses of 
differences in resource use across comparable populations, based on 
patient origin-destination data. The utility of this approach lies 
with the division of the region under study into service constituten- 
cies wiich are small enough that significant variations in utilization- 
resource allocation patterns and interactions are evident, and yet 
large enough to provide valid and stable measures of these interactions 
(Shannon et al., 1969, p. 144; Struening, 1974, p. 510; Wennberg & 
Giecetsoln, 019/35. 0-01L02). 

Traditionally ratios, such as the number of hospital beds/1000 
persons and costs per patient day, were calculated for a large region 
and used as average standards for assessing resource allocation and 
performance. Implicit in the use of such ratios for planning and con- 


trol purposes is the assumption that "all hospital beds are homogeneous 
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with respect to the associated services provided and that all segments 
of the population are homogeneous with respect to the services needed" 
(Cardwell, 1964, p. 108). Furthermore, the application of these ratios 
to a large geographic area without adjusting for unique sub-regional, 
demographic variations, and inter-regional patient flow patterns com- 
promises the validity of these measures (Joffe, 1979, p. 350). Ciocco 
and Altenderter (1945) recognized the significance of these limitations 
some years ago: 

To obtain a correct picture of the medical resources avail- 

able to a community, certain developments must be made in the 

Statistics of both the population and the medical facilities 

of the community. If the facilities of a community are util- 

ized by persons in surrounding places, the population and 

facilities of these locations should be grouped with those of 

the original communities before ratios of the facilities to 

population are computed. (p. 973) 
Wennberg and Gittelsohn (1973), in attempting to overcome these limita- 
tions, undertook a classic study of small area variations in resource 
consumption. Wennberg and Gittelsohn (1973) found that “there are wide 
variations in resource input, utilization of services, and expenditures 
among neighbouring communities" which are not initially apparent when 
assessed from an aggregate regional perspective (p. 1007). Their meth- 
odology made allowance for factors such as: patient mobility, physi- 
cian referral patterns, patient preferences, and regionalized referral 
services. Subsequent research by Wennberg (1979) and Joffe (1979) sup- 
ported the findings of Wennberg and Gittelsohn (1973). The wide varia- 
tions in utilization indicate considerable uncertainty and lack of con- 


census about the effectiveness of different types and amounts of health 


services, and thus the provision of hospital services often appears 
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unrelated to the needs of the residents (Joffe, 1979; Wennberg, 1979; 
Wennberg & Gittelsohn, 1973). 

Griffith (1978) expanded the commitment and relevance indices 
methodology for defining service populations into a comprehensive eval- 
uation framework designed to investigate small area discrepancies in 
resource utilization. Within this framework, the RI. is employed to 
delineate hospitals' service populations. Next, variation in the allo- 
cation/consumption of hospital resources are determined on a per capita 
basis. Griffith (1978, p. 17) determined that increased specificity in 
the application of this framework was feasible by developing R.I.s and 
service populations for all inpatient areas (e.g., obstetrics, paedia- 
trics, surgery). This framework relies heavily on age-sex-specific 
population data, particularly in regard to children (0-14 years), 
females (15-44 years), and the general population (15-44, 45-64, 75+ 
years); age-sex associated variations in utilization patterns inay then 
be assessed in relation to age-sex adjusted service populations (Grif- 
FTTH; 1978, O. 172 1972, ppt 994-959-590 (enhancemthewiti Lity fof tavs 
framework for planning, Griffith (1978, pp. 18-21) advocated that hos- 
pitals which have overlapping population bases (as reflected by the 
respective R.I.s) be clustered for purposes of collaborative decision 
making. Extreme variations in per capita rates of mortality, morbid- 
ity, and resource allocation could then be used as a measure for exam- 
ining quality of care. Griffith (1978, p. 14) noted that the utility 
of this framework was compromised by its failure to account for vari- 
ances in case-mix severity/complexity and the associated cost differ- 


ences across study hospitals. 
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Other researchers (Bay & Nestman, 1980 & 1982) extended the appli- 
cation of Griffith's (1972) relevance and commitment indices methodol- 
ogy in order to derive a model for measuring resource consumption on a 
per capita basis that closely parallels Griffith's (1978) framework. 
Bay and Nestman (1980) in testing their model identified that if these 
indices are used in determining resource allocation, the following two 
assumptions must be made: 1) homogeneity exists in the amount of hos- 
pital resources used/allocated per patient for all the hospitals ser- 
ving one region, and 2) homogeneity exists in the number of patients 
treated per unit of hospital resources used for all districts served by 
One hospital. The existence of functional differentiation among hospi- 
tals and selective referral patterns by physicians could invalidate 
these assumptions since the proportions of patients requiring different 
levels of care inight then vary among hospitals (Bay & Nestman, 1980). 
When the model was applied to utilization data for Alberta hospitals, a 
high rank correlation (.8) was achieved for estimates of resource con- 
sumption using the two different measures (Bay & Nestman, 1980). How- 
ever, in comparing resource consumption rates, it was noted that: 

Resource consumption or allocated rates vary more among hos- 

pitals than among districts, perhaps due to effects of the 

referral system and types of services offered. (Bay & Nest- 

man, 1980, p. 693). 

Comprehensive planning proposals based on the detailed assessment 
of requirements for specific hospital services or different "levels of 
care" have been strongly recommended, as opposed to using general plan- 
ning objectives such as beds/1000 persons (Berry, 1974; Florida Task On 
Institutional Needs, 1978, p. 15). Small area analyses of resource 


consumption, using patient origin-destination methodologies, have 
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proven effective in relating the specific health needs of patients to 
resource consumption. Nonetheless, extension of these methodologies as 
a basis for planning equitable distribution and efficient use of 
resources has not been widely discussed in the literature. 

Anderson and Wertz (1977), in an innovative study, employed utili- 
zation data to determine the appropriate number of beds for a new sub- 
Speciality paediatric hospital designated to meet the tertiary care 
requirements of British Columbia residents. This study was unique in 
that two distinct service populations were identified: 1) the "refer- 
ral population", defined as a population so distant from the tertiary 
referral centre (Vancouver) that it was “unlikely to seek non-referred 
or secondary referral care from the institutions in the tertiary care 
centre", and 2) the remaining population, in close proximity to the 
tertiary referral centre, was called the "urban" population (1977, p. 
408). Disease specific utilization rates, were calculated for al] 
patients originating in the referral service region; the proportions of 
total cases for each diagnostic rubric wnich required hospitalization 
in the referral centre were then determined. These utilization rates 
were considered to be indicative of the actual requirements for tert- 
iary paediatric services and were subsequently applied to nospital 
utilization data for urban patients with similar diseases in order to 
determine the "frequency of tertiary referrals" in the urban service 
population. As a result, current and future paediatric tertiary care 
bed requirements were projected for the entire province. Anderson and 
Wertz (1977) estimated that approximately 12-14% of the beds should be 
allocated to tertiary care. Although this latter study deals only with 


requirements for tertiary levels of care, the approach used would 
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appear to have relevance in designing a methodology for determining the 

percentage of primary, secondary, and tertiary level hospital beds that 

are currently being used in Alberta. 

2.3.4 Summary 
It would appear that an analytic approach based on patient origin- 

destination methodologies may be of value in determining the number/ 

percentage of hospitals beds in Alberta related to the provision of 
primary, secondary, and tertiary level services. Specifically, patient 

Origindestination methodologies may be useful in investigating the 

following areas: 

1) Assessment of the general pattern of patient utilization in order 
to determine if a current ecological utilization pattern exists. 

2) By employing the R.I. and/or C.I. based approach to determining 
service areas, it may be feasible to group hospitals and service 
regions according to similarities in patient utilization pat- 
terns. 

3) Patient origin-destination methodologies may serve as a basis for 
measuring the differences in patient flow across these service 
regions related to the provision of primary, secondary and tert- 
jary care beds in hospitals. 

2.4 Relevant Alberta Based Research 
Previous researchers have investigated selected aspects. of the 

Alberta health care system, concerning hospital classification and pat- 

jent utilization patterns, and hospital operating costs, which are par- 


ticularly relevant to the development of this study. 
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Bay, Nestman and Leatt (1981), in endeavouring to formulate an 
equitable scheme for evaluating resource utilization for Alberta acute 
care hospitals, investigated the feasibility of using clustering tech- 
niques to classify hospitals according to the similarity of their case- 
mix. Case-mix data were obtained from the PAS separation abstracts for 
123 provincial hospitals in 1976. Although this study focused on the 
classification of hospitals as a single entity, the results obtained 
indicate that a high level of homogeneity exists across specific groups 
of Alberta hospitals when analysed on the basis of diagnosticspecific 


case-mix. 


2.4.2 Utilization Analyses Using Patient Origin-Destination Studies 
The Alberta Health Care System Study was undertaken in 1972 under 


the auspices of the Alberta Hospital Services Commission (Paine, 1975, 
vol. 14, Paine & Wilson, 1974, pp. 63-76). The purpose of the study 
was to compile a comprehensive data base on acute care hospital utili- 
zation in Alberta for planning and performance evaluation. Based on an 
assessment of patient origin-destination data (identified by census 
subdivisions), patient flow patterns associated with individual hospi- 
tals were analysed in order to determine: 1) hospital catchment popu- 
lations; 2) regional referral centres; 3) larger geographic regions 
associated with each regional centre; 4) imbalances (excess/deficit) 
in hospital bed allocations per designated "geographic region" (based 
on 4.5 beds/1000 population); and 5) variances in hospital operating 
costs associated with case-mix differences (categorized according to 1l 


broad H-ICDA groupings). 
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Their analyses revealed the existence of six regional hospital 
centres, namely, Edmonton, Calgary, Grande Prairie, Red Deer, Leth- 
bridge and Medicine Hat which served over 90% of the patients living in 
their immediate geographic areas. The geographic boundaries of these 
regional areas were established by amalgamating those census areas 
whose residents were served primarily by one of the six regional 
centres. The case-mix analyses indicated that significant variations 
existed across hospitals in the percentage of case-mix distribution, 
average length of stay, and average cost per case treated. Case-mix 
accounted for 91.2% of the total variation in cost per case. A major 
limitation was apparent in the methodology used by Paine (1975) in that 
the geographic unit of analysis employed (i.e., the census subdivi- 
Sions) did not coincide with the hospital district boundaries. (Teix- 
eira, 1975). Census subdivisions inay encompass more than one hospital 
while others do not contain a hospital. Thus, it is difficult to eval- 
uate patient flow across individual hospital districts. 

Bay and Nestman (1980) developed an alternative Bpprosch to del in- 
eating service areas and service populations for Alberta hospitals. 
This methodology, based on an extension of the R.I. and C.1I.s, was mod- 
ified to establish a per capita measure of resource allocation. This 
model delineated a hospital's service population without direct rela- 
tion to a specific geographic area. At the same time, patient utili- 
zation could be related to hospital districts, if required, for compar- 
ative purposes. Results of this analysis indicated that inter-hospital 
and inter-district resource consumption/allocation varied considerably 
across the province. Comparative interpretation of these results was 


limited, since the methodology failed to account for variations in 
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case-mix severity and referral patterns across hospitals and dist- 
rictss 

In assessing the studies by Paine (1975) and Bay et al., (1975), 
Teixeira (1975) noted that the approach to defining service areas used 
by Paine (1975) was mathematically equivalent to the RI. model en- 
ployed in the Bay et al., study: the respective outcomes, however, 
were significantly different. Teixeira's conclusions related to acute 
care hospital utilization and the selection of an approriate geographic 
unit of analysis: 

The province should be divided into geographical areas such 

that utilization data can still be broken down by area, and, 

there is only one institution within the boundaries of each 

area as far as possible. In the case of larger urban cen- 

tres, this would be impossible. 

The number of geographic areas should be equal to or greater 

than the number of institutions in the province, where each 


cluster of urban hospitals counts as one institution. (Teix- 
eiray, 19/5; 0p. 71=/2): 


2.4.3 Cost Functions in the Alberta Hospital System 

An econometric study was conducted by Wallace (1975) to assess the 
relationship between interhospital short-run average nursing adminis- 
tration, nursing service cost, and general administration costs for 
Alberta acute care hospitals in 1971. Hospitals were classified accor- 
ding to bedsize based on the assumption that case-mix was similar for 
each group. Ordinary least squares regression analyses were completed 
using the output measures of the average number of admissions per bed 
for each group of hospitals. The results of Wallace's study were 
inconclusive in that a consistent relationship between costs and hospi- 


tal size was not obtained. 
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2.4.4 Summary 
From this overview of Alberta research, it is apparent that hospi- 

tals are differentiated by the nature of their service populations and 
the diversity and complexity of their associated case-mix. In this 
regard, patient origin-destination methodologies using hospital dist- 
ricts as the geographic unit of analysis appear to provide the most 
appropriate means for investigating these variations in utilization 
patterns. 

2.5 Comments and Conclusions 
In considering the preceding literature review related to the use 

of utilization data, the following conclusions are advanced. 

1) Given the abstract nature of health needs and the diverse, com- 
plex, interactive factors which influence how these needs are man- 
ifested, analysis of actual utilization patterns represents the 
most objective, comprehensive, and realistic approach to measuring 
health needs and planning for the efficient use and equitable dis- 
tribution of health resources. 

2) As a result of the continuing escalation of health care costs 
resulting from the proliferation of new, sophisticated technol- 
ogies, efforts must be made to rationalize the allocation of re- 
sources to provide maximum benefits to the greatest number of 
people. 

3) Analysis of hospital outputs has shown that hospitals do provide 
different levels of services which are associated with differences 
in patient utilization patterns. 

4) The predominant characteristic of patient utilization is the appa- 


rent tendency for people to seek hospital services in close prox- 
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imity to their residence, particularly in rural areas. The tend- 
ency for patients to travel further for hospital services seems 
closely linked to the seriousness/uncommon nature of the ill- 
nesses. Patient origin-destination studies have been used exten- 
Sively in the analysis of hospital utilization behaviour and have 
tended to illustrate that a natural configuration of functional 
differentiation exists among hospitals for a large study area in 
response to patients' utilization patterns and other contextual 
variables (i.e., cost containment). As such, it would appear that 
patient origin-destination methodologies may be useful’ in 
measuring a hospital's resources (beds) which are dedicated to 


providing different levels of services. 
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CHAPTER Ht 
DEVELOPMENT OF THE ANALYTIC FRAMEWORK 

The main purpose of this study was to develop a methodology for 
estimating area-wide and hospital-specific bed utilization rates by 
three levels of care - primary, secondary, and tertiary based on obser- 
ved care-seeking patterns. The study was divided into three phases: 
1) development of the analytic framework; 2) derivation of bed utili- 
zation profiles by three levels of care (hereafter known as the Bed 
Utilization by Levels of Care Profile or BULP)! for each acute care 
hospital in Alberta; and 3) evaluation of the BULPs using operating 
cost data. The methodology and results associated with each part are 
presented in Chapter III, Chapter IV, and Chapter V respectively. 

The analytic framework for this study is delineated in Chapter III 
under five sections pertaining to: 1) general research strategy; 2) 

data sources; 3) geographic basis of analyses; 4) classification 

of hospitals and districts; and 5) summary. 
3.1 General Research Strategy 

Albeit a complex and difficult endeavour, an empirically validated 
methodology for classifying, by levels of care, those patients wno are 
hospitalized in acute care institutions within a large study area 
(i.e., Province of Alberta) would provide valuable information for 
evaluating hospital resource allocations. Preferably, the research 
strategy for such a study would include a province-wide, cross- 
sectional examination of all hospital patients. Systematic assessment 


a 


lFor purposes of clarity and conciseness, commonly used terms and 
concepts in this study were abbreviated. These abbreviations are 
identified initially within the main text. Refer to Appendix A for a 
comprehensive list of these abbreviations. 
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and classification of these patients by an external panel of experts 
would yield a comprehensive standardized data base. Ideally, an area- 
wide patient classification system would be developed from this data 
base that would provide a basis for comparing the quantity of health 
care resources required by a particular hospital versus that required 
by other hospitals. As a result, provincial statistics, in terms of 
the number of patients served in each level of care, would be available 
for determining the allocation of future resources to hospitals in the 
Study area. 

While preferable in terms of the comprehensiveness of the data 
collected, implementation of a prospective, province-wide, cross- 
sectional patient survey is fraught with difficulties. Given the inex- 
act scientific basis of medical practice, the assessment/classification 
judgment made by an expert panel would inevitably include a subjective 
component. When the collection of data is dependent on a degree of 
subjectivity, measurement problems are an inherent concern. Extensive 
logistical planning and a large financial commitment would be required 
to implement such a study. These difficulties increase significantly 
when the study population is located in 121 hospitals, scattered 
throughout a large, geographically diverse area, such as Alberta, that 
is susceptible to seasonal and climatic variations. Modification of 
the research design using probability sampling techniques would reduce 
the costs. Nonetheless, even with these modifications, a cross- 
sectional survey approach to classifying hospital patients by levels of 
care was deemed beyond the scope of this thesis due to the complexity 
of the research design, the high costs, and the logistical difficul- 


ties. 
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In view of the aforementioned constraints, a more limited, explor- 
atory, and descriptive research strategy was adopted. Based on an in- 
depth analysis of previously collected government data, two models 
(denoted henceforth as Models A and B) were derived for estimating the 
number and/ or proportion of beds in each hospital occupied by patients 
requiring primary, secondary or tertiary level care (i.e., BULPs). To 
develop these models, geographic variations in patients' care-seeking 
patterns were measured and associated with differences in the levels of 
care provided by different hospitals. 

The study was restricted to an analysis of utilization patterns 
involving the entire population of Alberta residents seeking inpatient 
services from all acute care hospitals in the province. The relation- 
ship of this study (indicated with darker lines) within a broader con- 
text is depicted diagramatically in Figure 1. A study of geographic 
variations in patient utilization patterns incorporates the direct im- 
pact of supply and demand variables as well as the indirect influence 
of political, social, technological, and environmental constraints. As 
illustrated (the dotted lines in Figure 1) and previously discussed, a 
comprehensive, patient-centered assessment is an alternative approach 
to investigating the relationship between the allocation of hospital 
resources and patient utilization by levels of care. 

The analytic sequence followed in this research study is delin- 
eated in Figure 2. Patient origin-destination models were used to 
quantify patient flow patterns between hospitals and geographic areas. 
Concurrently and in accordance with the ecology/regionalization app- 
roach to analysing health care utilization, hospitals, and hospital 


districts in Alberta were classified subjectively into three classes 
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FIGURE 1 
FRAMEWORK OF THE RESEARCH STRATEGY 
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FIGURE 2 
ANALYTIC SEQUENCE OF THE RESEARCH DESIGN 
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depending on the highest level of care provided in the hospital or 
available in the hospital district. These classifications were then 
substantiated from an examination of utilization patterns and infor- 
mation theory measures of hospitals' case-mix complexity. In the next 
phase of this study (Chapter IV), the results of a second series of 
patient origin-destination analyses, incorporating patient days (PDAYs) 
and/or separations (SEPs) associated with these aggregated hospitals 
and geographic areas, were used to formulate a bed utilization profile 
(BULP) for each hospital. The utility of this approach to quantifying 
hospital utilization by levels of care was evaluated in the final phase 
of the research study (Chapter V) by examining the relationship between 
Operating costs and BULPs generated for Alberta hospitals. 

The data base for this study was abstracted from administrative 
data regularly collected by Alberta Hospitals and Medical Care (AHMC). 
In order to increase the stability of the data base, the study period 
extended over 24 consecutive montns (1977 & 1978). Although the data 
base encompassed two years, this study was considered cross-sectional 
in design insofar as it was based on specified data compiled on a pre- 
defined population within a single time period. Given the nature of 
the data base and the paucity of theoretical development or prior emp- 
jrical research on this topic, an analytic framework based on inferen- 
tial statistics (hypothesis testing) was deemed inappropriate.  In- 
stead, descriptive statistics were employed in this pilot, exploratory 
Study. 

3.2 Data Sources 
Policy makers, government planners, and health administrators in 


Alberta have access to large quantities of routinely collected data. 
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In order to accommodate the financial and time restrictions imposed on 
this study, the research methodology was designed so that existing gov- 
ernment statistics, namely PAS utilization data, population statistics, 
and hospital financial data, constituted the data base. Inherent in 
this decision was the desire to demonstrate the value of administrative 
data as a source of information for assessing the delivery of health 
services. The three types of administrative data used are discussed in 
terms of their origin, content, and limitations. 
3.2.1 PAS Separation Abstracts 

The primary data source consisted of PAS separation abstracts com- 
pleted on all Alberta residents (adult and children) discharged from 
Alberta hospitals between January 1, 1977 and December 31, 1978. These 
data were obtained from AHMC, and represented the most recent, compre- 
hensive, standardized, hospital utilization data available on a prov- 
ince-wide basis. A PAS separation abstract is a summary of a patient's 
medical record and contains the following demographic, diagnostic and 
treatment data: age, sex, date of admission, length of stay, hospital 
identification code, residence codes, diagnostic/operation codes (based 
on H-ICDA and CDC classifications), and numerous other data wnich were 
not used in this study. The patient's residence is coded according to 
the hospital district in which he/she originates; thus, each episode of 
hospitalization can be identified in terms of the patient's origin in 
one of these mutually exclusive and exhaustive geographic regions. 
(See Appendix B for a copy of the PAS separation abstract format). 

PAS case abstracts are completed routinely by medical records per- 
sonnel from each participating hospital in accordance with the criteria 


and data definitions established by PAS under the auspices of the Com- 
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mission on Professional and Hospital Activities (CPHA). Although these 
personnel are trained in the use of the PAS standards for data collec- 
tion, discrepancies may exist in interpretation or application of these 
criteria across different hospitals. The impact of these discrepancies 
is expected to be minimal given that: 1) information excerpted for 
this study is relatively "hard data" (e.g., length of stay, patient's 
age, hospital identification number), wherein subjective input and int- 
erpretation effects are minimized; 2) inclusion of the entire popu- 
lation in the study increases the probability that errors may balance 
overall; and 3) the study period was extended over 24 consecutive 
months. to enhance the stability of the statistical estimates and there- 
by reduce the impact of isolated incidents (e.g., high staff turnover 
in a hospital's medical records department during a particular year). 
The PAS abstracts for 1977 and 1978 provided utilization data on 
782,882 separations from 121 acute care hospitals located in 103 hospi- 
Ede districts (hereafter denoted respectively as HOSP and DIST) in 
Alberta (see Appendix C for a list of these hospitals and districts). 
By limiting the scope of the study to residents of Alberta seeking in- 
patient services in provincial hospitals, utilization data were analy- 
zed as if the province encompassed a closed hospital system. As such, 
it was assumed that utilization patterns of non-residents hospitalized 
in the province and residents hospitalized outside the province would 
have negligible impacts regarding the research outcomes. This assunp- 
tion was necessary insofar as PAS utilization data for residents hospi- 
talized outside the province were not readily available and the PAS 
residence codes for non-Albertans hospitalized in the study area were 


too general to be of value for the analyses based on patient origin. 
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A limitation in the data base emanated from the use of PAS statis- 
tics which were collected primarily for administrative and clinical 
purposes. The unit of the PAS file is a separation episode rather than 
a patient. As a result, PAS data are unable to account for the move- 
ment of patients throughout the hospital system (i.e., a series of hos- 
pitalizations linked to one episode of illness). Manual or computer- 
ized tracing of patients by identification number (i.e., Alberta Health 
Care Insurance Plan number) is conceivable, theoretically. However, to 
maintain patient confidentiality, identifiable patient codes were re- 
moved by AHMC before release of the files for this study. Conse- 
quently, according to PAS coding procedures, every patient admission, 
whether it involved transfer/referral from another hospital and/or re- 
admission for treatment of the same disease episode is counted as an 
independent event (i.e., a new patient case). For example, a patient 
admitted first to a small rural hospital, subsequently transferred to a 
larger regional hospital, and finally admitted to a metropolitan 
teaching hospital would be counted as three patient separations, not as 
one continuous illness episode which utilized three hospitals. Thus, 
PAS utilization data may tend to overrepresent the number of cases 
treated at hospitals providing primary and secondary level services. 
To partially compensate for this limitation, analyses based on PAS data 
were calculated in PDAYs as well as SEPs for the 24 month time period, 
unless otherwise stated. PDAYs associated with each hospitalization 
would seem to be a more sensitive indicator of geographic variations in 


utilization patterns than SEPs. 
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3.2.2 Population Data 


Standardized, province-wide, demographic data were required as a 
control for possible distortions in utilization patterns due to age-sex 
variations in regional and hospital service populations. Detailed age- 
sex population statistics, derived from the June 1, 1976 Canada Census 
and coded by DIST, were obtained from AHMC. The time lag between coll- 
ection of the demographic data and the PAS utilization data may have 
contributed to minor over or under estimates when adjusting for age-sex 
differences in these service populations. Unfortunately more current, 
provincial population statistics were unavailable at the time these 
analyses were completed. 

3.2.3 Hospital Financial Data 

Hospital operating cost statistics comprised the remaining portion 
of the data base. These data were required to evaluate the utility of 
BULPs in explaining inter-hospital variations in operating costs. Fine 
ancial data for each Alberta HOSP were abstracted from the Annual Ret- 
urn of Health Facilities = Hospitals Part Une “for the fiscalveyears 
ending March 31, 1978 and 1979. These data are submitted annually by 
each HOSP to the AHMC for administrative purposes and provide a summary 
of patient care activities and resources expended. A detailed descrip- 
tion of these financial data is presented in Chapter V. 

By integrating PAS utilization data, population demographics, and 
hospital financial data, a comprehensive data base was obtained with 
relatively minor costs for data collection. As identified, however, 
reliance on these previously collected administrative statistics in 
formulating the data base was associated with some specific limita- 
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3.3 Geographic Variations in Hospital Utilization by Levels of Care 


In this study, geographic variations in patient utilization pat- 
terns were analyzed with the objective of estimating BULPs for each 
HOSP in Alberta. The initial phase of this Study involved the estab- 
lishment of a framework for measuring these variations and relating 
them to different classes of HOSPs and geographic areas. Fundamental 
to the development of this framework was the assumption that the care 
provided by HOSPs serving a large area can be differentiated into three 
levels - primary (Level I), secondary (Level II), and tertiary (Level 
III). This assumption was derived from the ecology or regionalization 
approach (designated hereafter as the ecology approach) to assessing 
hospital utilization (proposed by Elaimy, 1969; Roemer, 1979; Sharp and 
McCarthy, 1971). 

The analytic framework was based primarily on a patient origin 
destination analysis using the relevant index (RoI. ) and commitment 
index (C.I.). As identified in the literature review, RI. and C.1. 
have wide application. These indices can be used to: 1) quantify 
differences in patient flows between geograpnic areas; 2) identify 
service constituencies (i.e., service areas and service populations); 
and 3) determine regional variations in resource consumption. The 
first two applications of the patient origin-destination model were 
incorporated in the framework. In addition, results of these analyses 
were integrated with information theory analyses of hospitals’ case-mix 
complexity in order to reconfirm the subjective classification of HOSPs 
and DISTs. These subjective classifications were made in accordance 
with the ecology approach to assessing hospital utilization from an 


area-wide perspective. In developing this framework, the following 
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aspects were addressed: 1) establishment of geographic units of analy- 
Bisse) assessment of geographic variations in utilization patterns; 
3) derivation of age-sex adjusted service populations; 4) hierarch- 
ical clustering of HOSPs and DISTs to delineate large service constitu- 
encies; and 5) classification of hospitals and hospital districts 
based on the availability of levels of care. 
3.3.1 Basic Geographic Units of Analysis 

Use of a patient origin-destination model, as the basis for detec- 
ting differences in patient utilization patterns, necessitated that the 
province be subdivided into mutually exclusive and exhaustive geogra- 
phic units. Ideally, these units would have equivalent geographic dim- 
ensions (@.g., size, shape, transportation system), would circumscribe 
homogeneous populations, and would encompass one HOSP per unit. In 
such a situation, atypical patient flows between geographic units could 
be attributed, with relative certainty, to differences in the levels of 
services provided by the various hospitals. Given the nature of the 
data base and the study area, this was unattainable. Instead, DISTs 
were selected as the basic geographic unit of analysis. The reasons 
for this decision are listed below. 
1) Due to the historical evolution of the Alberta health care system, 
the boundaries of DISTs in the province were determined primarily to 
correspond to municipal taxation boundaries: substantive changes in 
this administrative orientation appears unlikely in the near future. 
2)  DISTs divide the province into 103 mutually exclusive and exhaus- 
tive geographic areas and corresponding populations. With the excep- 
tion of the three urban DISTs (i-e., Edmonton, Calgary, and Lethbridge) 


and six rural DISTs, these DISTs encompass only one hospital. 
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3) PAS separation abstracts are coded to facilitate tabulation by 
DIST. 
4) In Alberta, enumeration areas, the smallest area unit for recor- 
ding Canadian census data can be clustered to correspond closely to the 
boundaries of these DISTs. 
5) Included in the data base for this study are 782,882 PAS separa- 
tion abstracts, spanning the province. DISTs, as the basic geographic 
unit for identifying patients' origins and destinations, are large 
enough that data analyses are manageable, and yet small enough that the 
data reduction does not obliterate significant differences in patients’ 
care-seeking patterns. In view of these considerations, the investi- 
gator concluded that the 103 DISTs, although not ideal, were the most 
viable, basic geographic units of analysis for this study. These DISTs 
and associated HOSPs are illustrated in Figure 3. 
3.3.2 Geographic Variations in Utilization Patterns 

Within the context of this study, geographic variations in utili- 
zation patterns were equated with differences in patient's origin dest- 
ination flows across different geographic areas. The patient origin- 
destination flow matrix developed by Griffith (1972, p. 75) was the 
framework employed in delineating flows of patients seeking care in 
Alberta HOSPs. As shown in Figure 4, this matrix provides a systematic 
approach to cross-tabulating patient utilization by origin (patient's 
residence by DIST) and destination (patient's care location by HOSP). 
Application of this framework to the data base produced a patient flow 
matrix consisting of 121 HOSPs by 103 DISTs. Each of the resulting 
12,463 matrix cells represented the unique utilization pattern assoc- 


jated with the interaction of patients originating from a specific DIST 
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CONFIGURATION OF ALBERTA'S 
HOSPITALS AND HOSPITAL DISTRICTS 


LOS Hospital Districts#-=sbold 
letters identify DIST Codes) 


121 Acute Care Hospitals indicated 
by e (multiple facilities noted 
in brackets such as Edmonton (7)). 
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FIGURE 4 


PATIENT ORIGIN-DESTINATION FLOW MATRIX 
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and the care received at a specific HOSP destination. Patient utili- 
zation frequency divided by column sums indicate the relative tendency 
of patients originating in each DIST to travel to different HOSPs 
(RoI.). Alternatively, patient utilization counts divided by row sums 
indicate the relative tendency of a particular HOSP destination to pro- 
vide care or allocate resources to patients from different hospital 
districts (C.I.). Consistent with Raasok's (1979) extended application 
of the relevance and commitment indices (developed by Griffith, 1972 & 
1978; Bay & Nestman, 1980 & 1982), these indices were used in this 
study to quantify geographic variations in patients' utilization pat- 
terns. Two sets of RI. and C.I. were calculated based on PDAYs and 
SEPs (formulae for deriving R.I. and C.I. are contained in Appendix D). 
As explained in subsequent sections, these indices were also used to: 
1) aggregate DISTs and HOSPs to form larger, geographically contig- 
uous, service constituencies, and 2) to substantiate subjective classi- 
fications of HOSPs and DISTs according to levels of care associated 
with each. 
3.3.3 Derivation of Age-Sex Adjusted Service Populations 

Reliance on geographic variations in hospital utilization as the 
basis for estimating the number of primary, secondary, and tertiary 
level beds required in the study area was predicated on the assumption 
that the health needs of the population were homogeneous (i.e., basic 
requirements for different levels of hospital services were similar). 
Previous researchers have identified that inconsistencies in health 
needs (as evidenced by regional differences in utilization rates) were 
related frequently to age-sex disparities. To control for this poten- 


tial source of uncertainty, the population of Alberta was subdivided to 
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coincide with the boundaries of the 103 DISTs; these geographically 
discrete service populations were then adjusted to ensure uniformity by 
age and sex. In deriving the age-sex adjusted service populations for 
each DIST (denoted hereafter as SP), the methodology used by Bay and 
Nestman (1980, pp. 682-683) and Raasok (1979, pp. 66-68) was adopted. 
Two sets of data were required: age-sex specific census data (1976) 
for each DIST formed the demographic component and rates of resource 
utilization (average age-sex specific patient-days per capita), calcu- 
lated from aggregated 1977 and 1978 PAS abstracts, were used to deter 
mine the appropriate weights for adjusting the census statistics. 
Additional adjustments to the SPs to account for regional discrepancies 
in socio-economic-demographic variables and the supply of health 
resources (e.g. hospital beds) were not attempted. 
3.3.4 Geographic Clusters of Hospitals and Districts 

Following the selection of the basic geographic units of analysis 
‘the 103 DISTs), these DISTs and the related HOSPs were then clustered 
to form larger, conterminous, geographic service constituencies. These 
clusterings produced a three-tiered hierarchical configuration of ser- 
vice areas which facilitated the development of two series of patient 
origindestination matrix analyses to measure geographic disparities in 
patient flows by level of care. (These matrix analyses are discussed 
in Chapter IV). The geographic clusters comprising each tier were 


identified as follows 37019) “DISTs? (Tier 1); %2) 9 REGIONS@( Tiere) Mand 


2Refer to Bay and Nestman (1980, pp. 682-683) or Raasok (1979, pp. 
66-68 for a detailed description of the approach used in this study 
for deriving age-sex adjusted service populations. This approach is 
referred to by some researchers (e.g., epidemiologists) as the indir- 
ect method for achieved age-sex adjusted populations. 
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3) REFERRAL AREAs (Tier 3). In forming these clusters the following 
criteria were applied: 1) actual care-seeking patterns (based on 
patient origin-destination analyses of PAS PDAYs and SEPs for 1977-78 
using R.I.s and C.I.s); 2) the natural geographic integration of some 
DISTs; 3) provincial transportation routes; and 4) natural commer- 
cial trade patterns. The geographic form and rationale for developing 
each tier of clusters is outlined below. 

Tier 1 - Districts. As identified, 103 DISTs were selected as the 
basic geographic units of analysis. At the district level it was diff- 
icult to compare inter-district care-seeking patterns of Albertans be- 
cause three DISTs (i.e., Lloydminister Municipal Hospital District, 
County of Wheatland Area, Blood Indian Reserve) did not encircle a 
"local" HOSP (destination) and nine DISTs encompassed multiple "local" 
hospitals. To resolve this difficulty, the three DISTs were amalga- 
mated with three adjoining DISTs (i.e., Islay, Calgary, Cardston res- 
pectively), and multiple hospitals within a DIST were assigned to one 
cluster (e.g., Lethbridge Municipal, St. Michael's General and Coaldale 
Municipal Hospital were assigned to the Lethbridge General Hospital 
District). These aggregations at the district level reduced the 103 
DISTs and 121 HOSPs to 100 district clusters with corresponding clus- 
ters of hospitals. 

Tier 2 - Regions. Geographic variations in patient flows tend to 
be blurred in urban areas due to the proximity of several hospitals 
offering similar services and the resulting overlap in service popula- 
tions. In addition, urban hospitals serve as "referral" centres for 


other districts! populations and as the "local" hospital to urban popu- 
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lations. In this study, this referral phenomenon was exploited in 
order to estimate "local" utilization rates for urban populations and 
"non-local" (referral) utilization rates for rural populations. To 
analyse these relationships, the 100 district clusters were aggregated 
to form six large, mutually exclusive and exhaustive geographic service 
constituencies. The six regional constituencies were labelled Grande 
Prairie (GP), Edmonton (ED), Calgary (CL), Red Deer (RD), Lethbridge 
(LB), and Medicine Hat (MH). Each constituency included an urban 
centre: the configuration of these REGIONS is shown in Figure 5. 

Tier 3 - Referral Areas. At the provincial level, a third aggreg- 
ation was undertaken to delineate self-sufficient service constitu- 
encies (i.e., areas where patient flows across boundaries were iin- 
imal). As a result, the six regions were clustered to form two large 
"super" constituencies, designated as the North Referral Area (NRA) and 
the South Referral Area (SRA), which Eereneatay divided the province 
into halves (Figure 5.) 

The relationship among these hierarchical clusterings of DISTs and 
HOSPs from an area-wide, geographic perspective is depicted diagramati- 
cally in Figure 6. These aggregations provided a framework for redu- 
cing the data base and comparing patient flows from different geogra- 
phic perspectives. 

3.3.5 Classification of Hospitals and Districts by Levels of Care 

To complement the geographic framework for identifying variations 
in patients origin-destination flow patterns, a framework for relating 
these variations to the levels of care available in HOSPs and related 
DISTs was developed. While various authors have advocated the utility 


of "classifying" hospitals by levels of care based on the ecology app- 


86 


= A 

a 
i 

J 

i) 

Ww 

7 al 
cw | | ( 


FB LSS 


ei 7 * 
se ‘7.2 me HL 


. ‘rasot4 oopeaiene 
aut AsOn) Mii ( HN Ayton Phas . ss f 


ua 

4 ~ 7 
- alae tte i, mie: yo i bit Oo; ai 
es ‘« a ll sly saytans 
geteotoo «Fm Apt sie, eek *3 
assault 


isi 1 ae eypiés «4 55) ont + ) why iy 


iy 
+ ad Gh} Bats, if ; baal | 
7 oe 
A t : | ; 
bias whes adeeani feb of 
g ny vd ‘ j “- Ory Ae 7) coer. 1a 
; ia , 
7 ‘ Say 2) “ti 6) an 
y 3 
4 4 is ! Oa P| thy 
A i ‘ ut 
Ome raw sf ’ ohne } i er Sa) “a9 Ws 
: ' i ¢ 
i a o- 
: 7 0 we 
j 7 : 
ji hot pitenuts bas. 
‘i ) }. 9 2 
¥ bre if i} 
i alee a 
- a a 
| ms : Ore 
to) ? Geudit . : made ws Cette 
i had .* iB “ 4) ee “i . "7 4 am ake hd *. 


iat 
ji a: tele 
‘s a 
_ 


. i 0 rhe 7 
, & oe an 7. 


Vp. er ial whe 


; 
5 7 


FIGURE 5 


CONFIGURATION OF 
REFERRAL AREAS & 
REGIONAL SERVICE 
CONSTITUENCIES. 


Boundary of North & South 
Referral Areas eee dna 


Six Regions: 


Petar ye YY 7) 
Red Deer UY WY 
ae YW WU YY) 


Medicine Hat 


CO 


*sqayoruq ut 


f PoqVOU OAR AOE] YORI 4OJ SUaYSN[D oLydeuboah vo peytdsoy yo uaqunu ayy 


{| 


*suaysnpo oLlydPufoab 


JO SHOE BOAT OI 07 WMOJUOT 07 padnowh ase AouaNZ17SUOD adLAUAS OL YdPuboaH Yowa ULyTLM SLPVLdSOH p 


rbd ULS 10. 


SLITS TG 


(OOT) T 4OLL 


OLALPUd 


purer UOVUOUIpy 


SNO LOR 


(9) 2 dats 


WIAON 
VI 


We AAA 


SLOUES 


ADOC Pay 


SLOTS 1 


AUPh peo . 


VAM AY 


ARH OULOL pay 


SLeyidsoy pp 


SLOTS TC SLOIULS TO 


OHpPLaqyyay 


SNOLO AM 


___ Wanog 
VAINV WRIT 


ALTANTINOD OTHAVIDOTD ONY SMOT INITIVd NO Casya 


SWALTASOW ONY SLOIMLS TO 


IO ONTMALSAAD OTHdVabOdD 


9 WANT 


WOTHOUVT TA 


% on jernit gd? GY neteos G2 beqeeg om (Peet ete aot vie eet tS 


ut; 


-? istoa te Ab bee eh nfl dose wF eretasty stegeaeg 2 nae repeal 


roach (e.g., Mountin et al., 1945; Roemer, 1979; Schultz, 1970; Shon- 
ick, 1976), the investigator was unable to locate comprehensive, empir- 
ically validated criteria for deriving "ecology" classifications. 
Therefore, in accordance with the results of studies which investigated 
some concepts of the ecology approach (e.g., Anderson & Wertz, 1977; 
Elaimy, 1969; Morrill & Earickson, 1968; Poland-Lembcke, 1962; Sharp & 
McCarthy, 1971), the investigator classified HOSPs and DISTs based on a 
Subjective assessment of the levels of care available. The assessment 
involved a comparative consideration of the general characteristics of 
HOSPs (e.g-, size, location, teaching activities, subspecialty ser- 
vices, service population size) from the HOSPs' perspective and then 
from the DISTs' perspective. The resulting HOSP and DIST classifi- 
cations were then reconfirmed using different criteria which are devel- 
oped in the following sections. The conceptual basis and results of 
these classifications are presented as follows. 

Hospital Classifications. The 121 HOSPs throughout the study jur- 
isdiction were first subjectively divided into three classes based on 
common knowledge about the hospitals and opinions of knowledgeable per- 
sons. Congruent with the ecology approach, these classes corresponded 
to a tri-level, hierarchical configuration of hospitals, characterized 
by: 1) increasing case-mix complexity; 2) the successively inclu- 
sive levels of care available as one progresses through the hierarchy 
of hospitals; and 3) overlapping service populations. The three 
groups of HOSPs were denoted as Class A, B, and C. These classes were 
designated as encompassing three levels of care, primary (Level I), 
secondary (Level II), and tertiary (Level III), following a success- 


ively inclusive format (i.e., Class A includes Level 1; Class B 
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includes Levels I and II; and Class C includes Levels I, II and III). 
Subjective assignment of the HOSPs by level of care was difficult, 
particularly for Class B and C hospitals. To substantiate these sub- 
jective classifications, patient utilization patterns and case-mix com- 
plexity associated with these HOSPs were also compared. 

Commonalities among the utilization patterns of each DIST popula- 
tion were enumerated using R.I.s and C.I.s. A basic concept of the 
ecology approach, the tendency of local residents to use a local hospi- 
tal, depending on the availability of all levels of care, was identi- 
fied based on R.1.s of the local HOSPs to their local, DISTss ). Simil- 
arly, the tendency for hospitals to attract patients from larger geo- 
graphic areas, in relationship to the increasing levels of services 
available and size (thus resulting in reduced allocations of resources/ 
beds to local populations), was assessed using the C.I.s of local HOSPs 
to their local DISTs. The comparability of R.I.s was limited by the 
fact that some DISTs had more than one HOSP. In these instances the 


adjustment factor illustrated below was applied. 


Number of Beds in the DIST 
Number of Beds in the HOSP 


Adjusted Relevance Index = R.I. x 
If the adjusted relevance index exceeded 100%, it was automatically set 
at 100%. 

In substantiating the subjective classifications, the tendency for 
increasingly complex cases from a large area to be concentrated in an 
increasingly smaller number of hospitals in the heirarchical configur- 
ation was quantified. An entropy measure was computed for each HOSP 


derived from the information theory approacn to determining case-mix 


complexity (e.g. Evans & Walker, 1972; Horn & Schumacher, 1979). This 
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approach to quantifying case-mix complexity was based on the premise 
that case complexity is an inverse function of the degree of concentra- 
tion or the commonality of a particular disease among geographically 
dispersed hospitals. Case complexity weights were calculated first for 
each of the 188 CDCs using PDAYs and SEPs. A case-mix complexity value 
was then calculated for each HOSP by weighting the proportion of the 
HOSP's case-load for each diagnostic category by the complexity value 
for that category and summing the values over all diagnostic categor- 
ies. This case-mix complexity measure is equivalent to the CMPXC1 mea- 
sure developed by Evans & Walker (1972).3 HOSPs with low case com- 
plexity values were equated with those which provide relatively common- 
place (Level I) services to patients; alternatively, higher case com- 
plexity values were equated with technically and medically advanced 
hospitals which offer a range of inpatient services (Levels I, II, 
iRGGs The conceptual relationship among the classes of hospitals, 
levels of care, service constituency measures and case-mix complexity 
values are depicted in Table l. 

As summarized in Table 2, the case-mix complexity values calcu- 
lated for the HOSPs generally supported the subjective classifications. 
Although the mean complexity values for the Class A, B, and C hospitals 
were different, there was some overlap in the values. This occurred to 


a greater extent for the values derived from SEPS which do not weight 


3Evans & Walker (1972) developed three additional measures of case- 
mix complexity (i.e., CMPXC2) and specialization (i-e., SPCLC1 and 
SPCLC2) which according to their results were not as effective in 
explaining inter-hospital differences. Therefore, only the CMPXC1l 
measure was used in this study. Refer to Evans & Walker (1972) for a 
detailed description of the methodology. 
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TABLE 1 
CONCEPTUAL RELATIONSHIP AMONG CLASSES OF HOSPITALS, LEVELS OF CARE, 
AND SUPPLEMENTARY HOSPITAL CLASSIFICATION CRITERIA 


Supplementary Classification Criteria 
Hospital Levels of Service Case-Mix 


Classes Care Constituency Complexity 
Rels Cale Measure 
A primary (1) Low High Low 
B primary (I) Medium Medium Medium 


secondary (II) 


Cc primary (1) High Low High 
secondary ( 
I 


1) 
tertiary (III 


I 
IT) 


4 The formulae used to calculate the Relevance Index (R.I.) and 
Commitment Index (C.I.) measures of each hospital's service 
constituency are presented in Appendix D. 


b These measures were derived from information theory measures of 
case-mix complexity developed by Evans and Walker (1972). 
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DISTRIBUTION OF CASE-MIX COMPLEXITY MEASURES 
(n = 121) 


a 


Statistic Measured Hospital Class 

A B C 
Number of 
Hospitals 104 9 8 
Minimum SEP 0.653 0. 933 1.074 
Maximum 0.998 Polat 1.750 
Mean 0.810 1.037 Le Ceo 
Standard Deviation 0.068 0.054 0.226 
Minimum PDAY 0.674 0.892 1.049 
Maximum 0.973 1.026 he Shey 
Mean 0.815 0.993 hs els) 
Standard Deviation 0. 060 0.040 0.130 
Note. 


These measures are based on the information theory approach to 
deriving hospital-specific case-mix complexity measures, developed 
by Evans and Walker (1972). 


aThe greater the numerical value, the greater the case-mix 
complexity. 
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each case based on severity (i.e., disease - specific variations in 
length of stay). 

The relationships among the levels of care associated with the 
ecology approach, the three clusters of hospitals, and the secondary 
criteria (service constituency and case-mix complexity values) were 
used to reassess the initial subjective hospital classifications. 
Based on this information, the subjective classifications were final- 
ized. Eight hospitals, four hospitals from each of Calgary and Edmon- 
ton, were categorized as tertiary (Class C). Nine hospitals, including 
the remaining hospitals from Edmonton, Calgary and other medium urban 
centres were classified as secondary (Class B). The remaining hospi- 
tals, 104 hospitals located in the rural areas, comprised the primary 
(Class A) hospitals (see Table 3). 

Districteclassifications. Threergroups ofedistmicts,, Class %.07, 
and Z, were determined by classifying each DIST in terms of the highest 
level of care (Level I, II, and/or III) available within its local 
HOSP(s). Regional self-sufficiency indices (developed by MacLean & 
Weldon, 1977) were then calculated for DISTs to confirm these categor- 
jes. The self-sufficiency index (SSI) provides a numerical value which 
approximates the net flow of patients moving into or out of the DISTs 
by comparing the within hospital resources (beds) of a DIST utilized by 
all patients, regardless of origin, to the total resources used by 
patients originating from the same DIST. The formula is: 

Total PDAYs (SEPs) Generated by 
HOSP(s) within the DIST 


Self Sufficiency Index (SSI) = o¢aT PDAYS (SEPs) Generated by 
Patients Originating in the DIST 
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TABLE 3 


05 


SUMMARY OF HOSPITAL AND HOSPITAL DISTRICT CLASSES 


Hospital Class 


C (tertiary) 


B (secondary) 


A (primary)} 
District Class 
Z (tertiary) 


Y (secondary ) 


X (primary) 


BYP LEVELS OF CARE 


Hospital? 
[.D.=Code Name 


Alberta Childrens 
Foothills Provincial 
Calgary General 

Holy Cross 

Dr. WW. Cross Cancer 
Royal Alexandra 
University of Alberta 
Charles Camsell 


Salvation Army Grace 
Rockyview General 
Edmonton General 
Misericordia 

Grande Prairie Municipal 
Lethbridge Municipal 

St. Michael's Letnbridge 
Medicine Hat General 

Red Deer General 


the remaining 104 
hospitals 


Hospital District 
[.D. Code Name 


Metropolitan Calgary 
Metropolitan Edmonton 


Grande Prairie 
Red Deer 
Lethbridge 
Medicine Hat 


the remaining 97 
hospital districts 


i 


@The locations 
identified in 


hospital district) of these hospitals are 
ppendix C. 


DThe names of these hospitals and hospital districts are 
listed in Appendix C. 


AEM is ttt tie 
Serene ners 
2fUe 
*7ane?. £207. tate . 
. gnoae x4 
ntvedtA to at 
{for ry 


ie aiaten 
eye! a" (pntok 


A SSI of unity indicates that there was no net movement of patients. 
An index of less than unity denotes a net outflow of patients; a value 
greater tnan unity indicates a net inflow of patients to the DIST. The 
use of this index is based on the premise that inter-district patient 
flows were the result of patients travelling to obtain levels of care 
unavailable within their DIST of origin and not due to disparities in 
health needs. The relationships among HOSPs and DIST classifications, 
the SSIs, and inter-district patient flow patterns by levels of care 
are presented in Table 4. 

Discrepancies between the initial classification of DISTs and the 
SSIs were reassessed with regard to the impact of transportation routes 
and climatic influences. The results of the final classification of 
tne DISTs by level of care yielded: 1) two tertiary (Class Z) DISTs 
comprising Edmonton and Calgary hospital districts; 2) four secondary 
(Class Y) DISTs comprising Grande Prairie, Red Deer, Lethbridge and 
Medicine Hat hospitals districts; and 3) 97 primary (Class X) DISTs 
encompassing the remaining rural hospital districts (Table 3). These 
classifications were consistent with the ecology approach to assessing 
utilization patterns. 

Use of the ecology approach in classifying HOSPs and DISTs by lev- 
els of care, as presented in this section, was predicated on two basic 
assumptions. First, it was assumed that hospitals can be grouped into 
a three level hierarchical configuration consistent with their capabil- 
ities to provide different levels of care. Patient classification 
researchers have demonstrated that patients can be grouped according to 
their requirements for care. Analogously, other researchers employing 


various measures of hospital output have tended generally to group hos- 
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TABLE 4 


CONCEPTUAL RELATIONSHIP AMONG HOSPITAL DISTRICT CLASSES, 
HOSPITAL CLASSES, SELF-SUFFICIENCY INDEX, AND PATIENT 
FLOWS BY LEVELS OF CARE 


Sel f-b 
District Hospital@ Sufficiency Patient Flows by Levels of Care 
Classes Classes Index Within Outflow Inflow 


SS 


X A (KI) I CPA - 
Out fT] ow 


Y B (W1) Lol lit it 
Inflow 4 
Out flow 


Z G (>) ia ee ie - hell 
Inflow 


aThe most complex class of hospital situated within the region. Less 
complex classes of hospitals may or may not be present. 


DIndex formulae are based on the methodology developed by MacLean and 
Weldon (1977). The conceptualized net movement of patients, associated 


with each class of district and having the greatest impact on the index, 
is noted. 
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pitals in three basic categories including: 1) numerous, small, pri- 
mary care facilities which provide services for relatively non-complex 
cases; 2) several secondary or regional hospitals which provide a mod- 
erately broad spectrum of services; and 3) a very few tertiary hospi- 
tals, characterized by the relative complexity of their case-mix and 
their role as an academic health centre. Due to the scarcity of exper- 
jenced medical specialists and allied health personnel, and the expense 
associated with technologically complex diagnostic and treatment facil- 
ities, it appears logical that facilities providing higher levels of 
care would be more limited in number and located in larger population 
centres in order to attain economies of scale (i.e., hierarchical con- 
figuration). 

Second, it was also assumed that the provision of hospital ser- 
vices is successively inclusive: lower level services are available in 
hospitals providing higher level services. This assumption appears 
reasonable in view of the fact that: 1) given the nature of illness, 
most seriously ill patients require lower level services (e.g., basic 
0d work) as well as specialized services (e.g., blood gases) during 
their illness, and 2) more complex levels of care are characterized by 
increasing degrees of personnel expertise and technological innovation 
(e.g., intensive care units). 

Based on these two fundamental assumptions, the ecology approach 
to assessing patient utilization was used to classify HOSPs and DISTs 
in Alberta by levels of care. As discussed, other concepts of the 
ecology approach were also measured in an attempt to substantiate these 


classifications. 
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3.4 Summary 

In Chapter III a framework was formulated to provide the basis for 
achieving the main objective of this study: the development of a meth- 
odology for estimating area-wide and hospital-specific patient utiliza- 
tion rates by primary, secondary and tertiary levels of care, congruent 
with actual care-seeking: patterns. An exploratory, descriptive re- 
search strategy was adopted, incorporating previously collected admini- 
strative data relating to acute care hospital utilization in Alberta 
for 1977-1978. A framework was derived for analysing geographic varia- 
tions in hospital utilization by levels of care, based on an integra- 
tion of the patient origin-destination model and the ecology approach 
to assessing hospital utilization. Using hospital districts as the 
basic geographic unit of analyses, R.I.s and C.1.s were employed to 
quantify geographic variations in patient flow across the study juris- 
diction. Based on these results, DISTs and associated HOSPs were clus- 
tered to form a three tier hierarchical configuration of service areas. 
These successive geographic aggregations, including: 1) 100 DISTs and 
HOSP clusters; 2) six REGIONAL and HOSP clusters; and 3) two REFER- 
RAL AREAs and HOSP clusters, provide the basis in this study to compare 
patient flows from different geographic perspectives. To relate these 
geographic variations to differences in levels of care available, HOSPs 
and DISTs were both classified into three groups based on the ecology 
approach. These aggregations of HOSPs and DISTs, first by geographic 
affiliation and second by levels of care, provided the basis for incor- 
porating the two dimensions of geography and levels of care in deriving 
patient origin-destination matrix analyses of utilization rates. These 


matrix analyses are discussed in the following chapter. 
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CHAPTER IV 
DEVELOPMENT OF LEVELS OF CARE BED UTILIZATION PROFILES 
In the preceding chapter a framework was developed for assessing 
geographic variations in the movement of patients seeking hospital 
care. Various researchers have studied the relationship between pat- 
jent utilizations and levels of services provided by hospitals (e.g., 
Elainmy, 1969; Morril & Earickson, 1968; Mountin et al., 1945; Sharp & 
McCarthy, 1971), implicitly assuming homogeneity of bed utilization by 
levels of care. These researchers used the hospital as the unit of 
analysis, rather than assessing variations in the use of beds across 
hospitals. With the exception of the research by Anderson and Wertz 
(1977), the investigator was unable to locate studies which employed, 
either directly or indirectly, the concept of bed utilization profiles 
as the basis for measuring utilization patterns of hospitals by levels 
of care, which is the major thrust of this study. In order to investi- 
gate the utility of this concept, an initial attempt was undertaken to 
estimate empirically bed utilization by levels of care profiles (BULPs) 
for Alberta Hospitals. In this chapter, the developmental process is 
described under four headings: 1) description of the BULP concept; 2) 
derivation of provincial utilization rates by levels of care; 3) esti- 
mation of the BULPs; and 4) summary. 
4.1 The BULP Concept 
A BULP is a three element vector which specifies the number (or 
proportion of beds in each hospital associated with the provision of 
three levels of inpatient care, primary, secondary, and tertiary. 
BULPs are unknown population parameters, and as such, these parameters 


must be estimated from empirical data under certain assumptions which 
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are dependent on models of reality as perceived by the researcher. 

In order to explore the BULP concept, two sets of hospital speci- 
fic BULPs were developed in this study, based on two different models 
of reality (designated as Models A and B). Basic to both models were 
two fundamental assumptions regarding the concept of distance miniimi- 
zation. These assumptions were: 1) that patients would access 
HOSP(s) located within their DIST of origin (assumed to be the closest 
facility) if the required level of care was available, and 2) if the 
appropriate level of care was unavailable in thes patient's DIST 
HOSP(s), he/sne would then travel (be referred) to the nearest HOSP in 
another DIST offering the required level of care. Minor deviations 
from this pattern were expected (e.9., car accidents while travelling); 
however, it was anticipated that these deviations would balance at the 
aggregate level and that the effect would be negligible insofar as the 
entire provincial population was included in the study. 

Previous utilization studies have shown that distance minimization 
was a predominant factor, particularly in rural areas. In view of the 
fact that Alberta is characterized by: 1) a sparsely distributed 
rural population, with the exception of a few urban areas which encom- 
pass over 50% of the population; 2) a large number of small rural hos- 
pitals (less than 100 beds) dispersed throughout the province; 3) ex- 
tended travel distances between population centres; 4) severe winter 
Climate; and 5) the existence of strong community affiliations in 
rural areas, it appears logical that patients would use local hospitals 
and minimize travel times when seeking hospital care. Although prev- 
jous researchers found that distance minimization was a less predomin- 


ant characteristic of urban hospital utilization patterns, the fact 
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that the urban populations and associated urban hospitals have been 
grouped within single geographic areas for this study eliminates this 
potential source of difficulty. 

While there is implicit agreement that levels of care vary across 
hospitals, the “average” hospital bed has traditionally been the accep- 
ted standard for: 1) evaluating hospital operating costs (i.e. costs 
per bed, per PDAY, per SEP), and 2) assessing the need for regional 
hospital construction (i.e., beds per capita). With BULPs, the "aver- 


age" bed is more precisely defined in accordance with existing utili- 
zation patterns. Consequently, operating costs associated with differ- 
ent levels of care and the equitable distribution of primary, secondary 
and tertiary beds can be determined more rationally. 
4.2 Development of Models A and B 

In accordance with the framework developed in Chapter III, geogra- 
phic variations in patient flows associated with the classification of 
HOSPs and DISTs by levels of care were quantified. These patient flows 
were standardized and then re-analysed using two divergent perceptions 
about reality (Models A and B); two sets of provincial per capita util- 
ization rates by levels of care were thus derived. The three phases of 
the development of these models are outlined below: 
4.2.1 Analysis of Patient Flows 

Two series of patient-origin destination matrix analyses were com- 
pleted using SEPs and PDAYs. These analyses were designed to: 1) 
evaluate the suitability of the geographic clusters of HOSPs and DISTs 
described in Sections 3.3.1 and 3.3.4, and 2) quantify patient flows 


associated with the three classes of hospitals (A, B, C) and DISTs (Xx, 


Y, Z) as conceptualized in Table 4. 
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Series One. A general assessment of geographic variations in 
patient-origin destination flows was conducted using several matrix 
analyses. These matrices were based on different designations of pat- 
jients' origins and destinations as defined by the three tier configur- 
ation of geographic clusters of HOSPs and DISTs. The movements of 
patients seeking hospital services outside their area of origin (100 
DISTs), 6 REGIONS, and 2 REFERRAL AREAs) were measured in PDAYs and 
SEPs, and the suitability of the three-tier hierarchical configuration 
of service constituencies was evaluated. 

Examination of the movement of patients within (or alternatively 
outside) their area of origin (Table 5) tends to support the geographic 
delineation of patient origin-destination movements using the three- 
level hierarchical configuration of service constituencies (Section 
3.3.4). A very small proportion of patients seek hospital care outside 
their geographic service constituency (Table 5); the outflow decreases 
as one progresses from the DIST level (21.1% in SEPs) through to ie 
REFERRAL AREA level (1.2% in SEPs). In total 78.9% of SEPs were from 
HOSPs located within patients' DIST of origin. These results (Table 5) 
appear to substantiate the validity of the distance minimization 
assumptions and the use of DIST as the basis geographic unit of analy- 
sis. The minimal flow of patients across the boundaries of the REGIONs 
also tends to confirm tnat the province can be subdivided into six dis- 
tinct geographic service regions. Similarly the limited flow of pat- 
jents between the NRA and SRA (1.23% of the SEPs were hospitalized out- 
side their REFERRAL AREA of origin) indicates that a definite north- 


south geographic division exists in care-seeking patterns. 
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TABLE 5 


PATIENT FLOWS WITHIN OR OUTSIDE THE BOUNDARIES OF THE 
HIERARCHICAL CONFIGURATION OF SERVICE CONSTITUENCIES 


et 


Geographic Service Constituency Measure % Of Patient Flows 
Tier Clusters Within Outside 
I FOU@DISTRICT SEP 78.9 Fades | 
PDAY pbs sh Mes) 
Il 6 REGIONAL SEP 95.9 4.1 
PDAY 551 4.9 
Vid 2 REFERRAL SEP 98.8 Ag @ 
AREAS PDAY 98.9 poy 


Note. See hierarchical clustering of geographic areas as presented 
in Figure 6. 
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At the DIST and REGIONAL Level, percentage flows of patients out- 
side their area of origin, measured in PDAYs, exceeded the correspon- 
ding SEPs values (Table 5). In other words, the ALOS of patients 
seeking care within their DIST or REGION of origin surpassed that of 
patients seeking care outside. This trend was most apparent at the 
DIST level and, as expected, was reversed at the REFERRAL AREA level. 
These results may be due to the fact that higher level services (i.e., 
tertiary care) are centralized; therefore, more complex cases requiring 
longer diagnostic and treatment periods are referred to hospitals out- 
Side the patients' service constituency. Consistent with the results 
shown in Table 5, this trend would be least evident for REFERRAL AREAs 
which include hospitals providing all three levels of care. 

Series Two. The level of care classifications of HOSPs (A, B,; C) 
and DISTs (X, Y, Z) were then superimposed on the data base to derive a 
second series of patient origin-destination matrices. These analyses 
illustrated patients' care-seeking movements on a provincial basis by 
DIST classification (origin) and HOSP classification (destination). 
Flows within each matrix cell were subdivided to delineate patients 
seeking care inside and outside their DIST of origin. 

The results of these matrix analyses are discussed first in terms 
of patient flows associated with the Classes of HOSPs and then in 
relationship to the Classes of DISTs. The 104 Class A HOSPs (providing 
only primary level care), and the eight Class C HOSPs (providing pri- 
mary, secondary, and tertiary care) account for almost equal numbers of 
patient SEPs, for a combined total of 75%, the nine Class B HOSPs pro- 
vide the remaining 25% of the SEPs (see Table 6). Total PDAYs assoc- 


jated with each Class of HOSP were divided by the corresponding SEPS to 
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TABLE 6 


PATIENT FLOW PATTERNS: DISTRICT CLASS versus HOSPITAL CLASS 
(UNIT: 1000 SEPs or PDAYs) 


St 


Hospital Measure Classmotevistrict TOTAL ho 
Class X Y Ee 
A SEP 274.0 sa) Be2 287.4 Sbew, 
PDAY 1,847.6 el aul CSch a Leas eT 
ALOS4@ Deu, Sore) 4.9 6.7 
B SEP 39.1 69.5 89.2 197.8 Coes 
PDAY 300s iN 47/451 6y35.3m el.4G5. 6 24.0 
ALOS hea 6.8 195 eee 
C SEP 6on5 5.9 228.3 STIS i) 38.0 
PDAY 671.8 7305 oe 16 9285 0CNI2.6/ 358 44,3 
ALOS 10.6 ea) 8.4 8.9 
Alberta SEP Sheed 80.6 32550 782.9 100 
PDAY ees G2 Uso maou ds Die, OF lel me OrUg oe) 100 
ALOS 135 Tae 8.1 py 
Percentage  SEPs 48.1 LOSS 41.6 100 
PDAY 46.7 9.6 43.7 100 


aALOS is measured in days. 
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compare ALOS. A consistent pattern emerged (Table 6) wherein the ALOS 
increased in direct relationship to the levels of care available in the 
NOSpIcalss= Class Ag= O./edays, B=) 7.3 days. © == o00mdays) -eaeaiiese 
results support the tenet that hospitals providing higher levels of 
care serve more seriously il] patients who tend to require longer hos- 
pital stays for diagnosis and treatment. These results also illustrate 
that comparisons of hospital resource utilization based on SEPs may be 
systematically biased across the three classes of HOSPs in terms of the 
ALOS per SEP. Consequently, it would appear that PDAYs is a more equi- 
table measure of resource utilization than SEPs. 

Further analyses revealed that the proportion of residents who 
obtain hospital services within their DIST of origin increases consis- 
tently from Class X (61.4% SEPs or 56.4% PDAYs) through to Class Z 
(96.7% SEPs or 97.8% PDAYs) (see Table 7). Patients from Classes X and 
Y DISTs have similar ALOS when hospitalized within their districts of 
origin; however, the ALOS increases by 1.6 and 2.8 days, respectively, 
when patients are hospitalized outside of Class X and Y DISTs. Conver- 
sely, the ALOS of patients from OS 7 SUS, hospitalized within 
their DIST of origin, is four days longer than those seeking care out- 
side their DIST (8.2 days versus 4.2 days). If the LOS is a proxy 
measure of the seriousness of a patient's illness, one could speculate 
that patients from those DISTs where all levels of care are more read- 
ily available (Class Z) tend to be hospitalized for more serious ill- 
nesses as compared to patients from Class X and Y DISTs. This phenome- 
non could be related to several factors including: 1) decreased 
availability of beds in Class Z DISTs; 2) improved diagnostic capabi- 


lities in Class Z DISTs (i.e., increased availability of specialists 
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TABLE 7 


PATIENT FLOWS WITHIN AND OUTSIDE THE 
BOUNDARIES OF DISTRICT CLASSES AND ALOS@ 


Daserict Levels of Care Measure % of Patient Flows 
Classes Available Within Outside 
X I SEP 61.4 36.0 

PDAY 56.4 43.6 
ALOS 6.9 Sey) 
Y [ech SEP 86.9 ial 
PDAY 82.4 WW .6 
ALOS 6.8 9.6 
E (eR soe Let SEP 96.7 Bas 
PDAY 97.8 Care 
ALOS ae Ae 


aALOS is measured in days. 
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and diagnostic technologies); 3) a more conservative approach to 
patient care in more rural areas (Class X and Y DISTs) because of 
longer travel times and unpredictable weather conditions. Further 
research in this area is necessary to investigate the impact of these 
factors on ALOS. Nevertheless, these results strongly suggest the 
inadequacy of ALOS as a measure of hospital efficiency and/or as the 
basis for resource allocation when it is used without reference to 
patients' origins and the levels of care provided by the hospital. 
4.2.2 Estimation of Patient Flow Rates 

As the next step in the development of Models A and B, inter-class 
patient flows derived from the aforementioned matrix analyses (Table 8) 
were standardized in terms of PDAYs per 1000 persons-year. This was 
accomplished by dividing the patient flows for Class X, Y, and Z DISTs 
by the respective service populations for these clusters.4 

The estimates of patient flow rates obtained are presented in 
Table 9. At the provincial level, the total utilization rate for al] 
levels of care is 1,642.7 PDAYs per 1000 age-sex adjusted persons-year. 
Of these 375.4 PDAYs per 1000 persons-year (22.9%) are spent in hospi- 
tals outside of the patients' DIST of origin. As shown in Table 9, the 
diminishing tendency for patients to obtain care outside their DIST, as 
one progresses from Class X through Y to Z DISTs, persists when the 
flows are standardized: these rates represent 43.6%, 17.6% and 2.2% of 
the total utilization rates for Classes X, Y, and Z DISTs, respect- 
ively. Based on the conceptual framework, this trend coincides with 


—— ae 


4the SPs were calculated by summing the age-sex adjusted SP estimates 
for those DISTs comprising each Class (see Bay et al., 1980, and 
Raasok 1979, for an explanation of the methodology used). 
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TABLE 8 


INTER-CLASS PATIENT FLOWS IN PDAYs 
(Unit: 1000 PDAYs) 


a 


FLOW HOSPITAL DISTRICT CLASS TOTAL 
CLASS X Y Z 

Within A L3576.0 i.3 0.0 1,000.0 

District B 0-0» 468.7 669.8 1,138.5 

Hospital(s) C 0.0 0:0 Mesos 1,934.5 

TOTAL 13573.07%- 476.0. 2,604.3 4,658.3 

Outside A 26507 22.0 43.6 332.4 

DIStRict B 299.5 5.4 5.9 310.4 

Hospital(s) C 655.8 13.5 9.5 738.8 

TOTAL beer 0.9 0d, 58.6 Looe 

TOTAL A 1,843.7 2004 43.5 1591453 

B 299.4 474.1 675.3 1,448.8 

C 655.8 73.4 1,944.1 2,073.3 

TOTALS BeOS 39 8077.0 yee poe 6,039.4 

Service Population4 Poh Os 7m 609.9 ie oo0. 3,676.4 


aService Population units are in 1000 persons-year. Since the study 
period extended over 24 months, the provincial population was counted 
twice. Therefore, the actual study population equals 3,676,400 
divided by two. Similarly, the patient flows shown were summed over 
the 24 month time period. 
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TABRES9 


INTER-CLASS PATIENT FLOW RATES 
(Unit: PDAYs/1000 Persons-year) 


ee 


FLOW HOSPITAL DLSTRICTECEASS TOTAL 
CLASS X y Z 

Within A ice festa 19.7 0.0 43152 

District B O20 1267.0 346. 309.7 

Hospital(s) C 0.0 0:0, 94,0019 526.2 


TOTAL riio ls | haasler yy hess: 1,127 4 


Outside A 193.1 6107 22.6 90.0 
District B rh vise 14.6 258 84.4 
Hospital (s) C 476.7 198. 6 4.9 200.9 
TOTAL 887.5 274.8 30.3 375.4 

TOTAL A 1,340.2 81.3 22.6 521.5 
B 217 aims 28106 349.7 394.1 

C 476.7 198.6 1,006.9 rae | 


TOTAL 2034 20 meee 5015.5 Eee On 1,642.7 


Note. Because the population increase between 1976 and 1977/78 was 
not taken into account, utilization rates were somewhat over- 
estimated. 


0.0 
Lee or © oe 


® 


. wy b Ps stCL 
a a4 Geo yD VS 
» Way { » i ras bi 


wi, > 


i 23 he ; / ae Pe 20 Jt 


—— a the oe ht oa ee ptt tt rine te 
Cd). +23 A ed $024.4 
t one ey GER |) t.hi9 
5 eet 6 .200,/t. Bae wu 


hy [de my © ciel ae.) y Ty 4 


caw i. ashes thee, Ape 
ieee Feet btaies 


the availability of the three levels of care. Thus, these results 
appear to corroborate a main premise of this study: geographic varia- 
tions in patients' care-seeking behaviours follow a logical pattern in 
relation to the levels of care available in their district of origin. 
4.2.3 Estimation of Provincial Utilization Rates by Levels of Care 

The estimates of patient flow rates were analysed under two 
models, which were perceived by the investigator to reasonably approxi- 
mate reality. Two sets of per capita utilization rates by levels of 
care were derived. These two models and the associated sets of utili- 
zation rates (Models A and 8) were based on different assumptions 
regarding the nature of patient flows. 

Model A. Calculation of utilization rates associated with Model A 
was based on the following four assumptions. 
1) OQutflows from Class Y DISTs to Class C HOSPs were entirely due to 
tertiary care (Level III) requirements. 
2) Outflows from Class X DISTs were due either to secondary (Level 
II1) or tertiary (Level III) requirements. 
3) All primary (Level I) requirements for Class X DISTs' residents 
were satisfied by Class A HOSPs within those DISTs. 
4) Requirements for Level I, II, and III care varied across the three 
Classes of DISTs. These variations (measured in PDAYs per 1000 per- 
sons-year) are directly proportional to the total utilization rate for 
each Class of DIST and reflect class-specific geographic and climatic 
considerations. In other words, Level I, II, and III utilization rates 
include non-medical care requirements that are unique for each Class of 
DIST. For example, due to the extended travel distances involved and 


relative lack of specialized support services in rural communities, 
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physicians in rural areas (X DISTs) are possibly inclined to hospita- 
lize patients in local HOSPs more frequently as compared with physi- 
cians in urban centres (Z DISTs) where specialized services are readily 
available within a few minutes travel time. Similarly, patients from 
Class X DISTs may be hospitalized for diagnostic tests because of the 
distance between their residence and the HOSP, while it may be more 
feasible to diagnose and treat patients from Class Z DISTs on an out- 
patient basis. 

In accordance with these assumptions, Class X, Y, and Z DISTs uti- 
lization rates by levels of care for Model A were then determined as 
follows: 1) total utilization rates for each class were equated with 
the sum of the flows within and outside DIST HOSPs respectively; 2) 
basic Level III utilization rates were equated with the outflow of 
patients from Class Y DISTs seeking care in Class C HOSPs; 3) basic 
Level I utilization rates were equated with the flow of patients within 
Class X DISTs seeking care in Class A HOSPs; 4) these basic Level I 
and III utilization rates were then prorated by the total utilization 
Races sere each) Class “OTP UlSis7 and 5) Class-specific Level II 
utilization rates were equated with the difference between total utili- 
zation rates and the sum of Level I and III utilization rates for each 
class of DIST. The calculations related to these five steps are pre- 
sented in Table 10. 

Model A utilization rates by levels of care (in PDAYs per 1000 
persons-year) and corresponding total PDAYs estimates are summarized in 
Table 11. For the three levels of care, utilization rates were highest 
for those DISTs with only Level I services within their boundaries and 


lowest for those DISTs with three levels of care available. It was 
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TABLE 10 


CALCULATIONS TO DERIVE MODEL A UTILIZATION RATES 
(unit: PDAYs/1000 Persons-year) 


Step 1: Total Class-Specific Utilization Rates (PDAYs/1000 persons- 
year). 


OESTeChaSS aXe R( A) See ,054 06 
Y...R(Y) = 1,561.5 
PeeeRUL)) =e 370Ne 
Step 2: Level III Utilization Rate or R(III) 
RiGligiis)cares MOMs tll) eos. 6 (Assumption 
Step 3: Level I Utilization Rates or R(I) 


MELT) 17.7 + 476.7 = 694.4 (Assumption 


NiGl | o eo OeReu ean = 2 
= 2034.6-694.4 = 1340.2 (Assumption 


UTREVETOREs ewe oR (X51) 


Step 4: Prorating R(I) & R(II) by Class Specific Total Utilization 


Rates 
7a {ne RG ex R(X,1) = 1561.5 x 1340.2 = 1028.6 (Assumption 
R(X) 2034.6 
OL aaa Ri camx RiX,l) = 1379.2 x 1340.2 = 908.5 (Assumption 
R(X) 2034.6 
ROSE) sme ROK =x R(Y TTT) = 2034.6 x 198.6 = 258.7 (Assumption 
R(Y) 156125 


R(Z,1]1). - -R(Z) x R(Y,II1) = 1379.2 x _198.6 
R(Y) 1561.5 


175.4 (Assumption 


Step 5: Level II Utilization Rates or R(II) 


BT ei eseR(h) = R(X, 1) -RUGdd1) = 92,034. 6 1840; Jean 72687 yu dab. 
R(Y,II) = R(Y) = R(Y,I) - R(Y,III) = 1,561.5 - 1,028.6 - 198.6 = 334. 
ReemeER (Ze aan (2,1) ceeR (Zs 11 = 1537992 =) 20S ab eemig bea aaa 9G. 


a 


Note. Basic utilization rates taken from Table 9. 
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TABLE? 11 


LEVELS OF CARE UTILIZATION RATES UNDER MODEL A 
(Units: PDAYs/1000 Persons-Year) 


DESTRIGTS MODEL A UTILIZATION RATES 
CEASS apes. 22 ep ae BEVEDSLIe | DEVE 1% TOTAL 
X IR SH I 1,340.2 435.7 258. 7 2,034.6 


Gin: cee (599. 3) (355.9) (2,798.9) 


Y 369.9 1,028. 6 334.4 198. 6 1,561.5 
(380. 5) (123.7) (73.4) (577.6) 
Z 1,930.8 908.5 295.3 175.4 


Alberta 3,676.4 [327812 me ul eo3.2) (767.9) (6,039.4) 


Percentage of PDAYs (65.9%) (22.47) GlZey se) (100% ) 


@Service Population estimates are listed in units of 1000 age-sex 
adjusted persons-year for the 24 month study period. 


DPDAY estimates in units of 1000 days, corresponding to the 
utilization rates, are provided in brackets. These estimates were 
obtained by multiplying the utilization rates by the S.P. estimates for 
each class of districts and represent Pdays for the 24 month study 
period. 
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estimated that in total 2,034.6 PDAYs were used per 1000 persons year 
by residents of Class X DISTs as compared to a low of 1,379.7 PDAYs per 
1000 persons-year by residents of Class Z DISTs (Table 11). Using 
rates for Z DISTs as a baseline, utilization rates for Y DISTs and X 
DISTs are approximately 13% and 47% higher, respectively, across all 
three levels of care. As a percentage of the total PDAYs used in 
Alberta, Model A utilization rates corresponded to 65.9% for Level I, 
21.4% for Level II, and 12.7% for Level III services (Table 11). 

Model B. A second set of utilization rates were derived based on 
the same assumptions (ji.e., Assumptions 1-3) as Model A with the 
following exception. It was assumed that Albertans have similar 
requirements for secondary and tertiary care, irrespective of their 
district of origin; therefore, variations in total utilization rates 
across the Classes of DISTs were related only to disparities in primary 
care requirements associated with geographic conditions unique to Class 
X, Y, and Z DISTs (Assumption 5). 

Equations were formulated, congruent with these assumptions. The 
known values were the standardized flows of patients seeking care with- 
inwandsoutside thetreDIS]. of origin for Classes of DISTsS x5 Yoo ana Z- 
The five unknown values were Level I utilization rates for DIST Classes 
Naay smandaz i denoted <as.iR(X als) OR (01) aR( Za atand Eevelesitteandgt ever 
III utilization rates (denoted as R(II), R(III)) which were assumed to 
be constant across the three Classes. Using the inter-class patient 
flow rates (Table 9) and the five assumptions, the following equations 
were formulated: 

Gry GRR (Kh) ee IR( IL) +°R (111) 
(2) R(Y,1) + R(I1) + R(TIT) = 1,561.5 


2,034.6 


116 


Pt oo Haga 
Wt APE’? vot = “a 


inv 713 bas Fei hi r 


. [ a 
— 


eo? faa 2vANd Tesey Sas ey Wietiacs 6 2h eS We HI i 
yl iwvei wet 28.80. 0% Sebago, 2570" eaigzsst + ihr. a 

(14 ofdst) eponyanie 112 feves vo? 20.90 Son tt Gye ae 
an ieggd Rawr osh Seu 2ePewebiiosi tim Pee, Dnooee & oe 


= 
gir viaiw BR loboM 26) 002 sABToqarzen e.!) motseaeat.. SmGe at 


-_ 
7 


eafiwizs aved. cred eedTA’ db?) bamaed tHe 72 pT egeres Bt Itt 
_ 
* 


shod. to wy sopgesrel, (ee cites he (oe dousee \ea! ethan ts 
CS 7 pia 

vete 
pee tise 
eseniag nl petetisytth ‘oo eine Seve len Quew ERIE By wer ats's - 


antes poigss? (Ya) Sedat Ai, encitebuse  pwitevedl porate | 4 


A 
an 
s2zef> of gupta: enolzi thea Shassycee tee Gerh lodges etname stig a a 

.fé not leawreA) 27279 'S bre Yo 
: 7 7) 
aff cee ltumuzes szat) ie dim gro? , loco tare) Stay ren tt ans 
7. 
- 
vivid 4%mo galiesz zinetie) anol) oe. / pedis a o1ey 2sulay m 


Jane yt oe ateid Yo peemelD 167? egise Yo. Tele ater 


aoza5 2) T200, +e) eater velaash liye 1 (evs sve eeutey 
Jove Oi 11 faved ra (CLA (1) & CT ane tetongb 5 
od bomuads gray sotey ((175)F .[11)4 2c betoned) totem 7 


suena ieteto-nete) ef gated «estes 2 seuit ad? =e _ 


mre 
_ etptains gitwes tut — welt ote, he si 


*2.000.5 = (SPA 
08 ,f82,f al (titpe nH 


(3) R(Z,1) + R(II) + R(IIL) = 1,379.2 
(4) R(II) + R(IIT) = §94,.4 Assumption 2 + 5 
(5) R(III) = 198.6 Assumption 1 + 5 


Equations (1), (2), and (3) were derived from total utilization 
rates for DIST Classes X, Y, and Z respectively. Equation (4) was 
based on outflows to Class B and C HOSPs from X DISTs, and equation (5) 
was based on outflows from Class Y DISTs to Class C HOSPs. By solving 
these five equations simultaneously, Model 8 utilization rates by 
levels of care were estimated (Table 12). In accordance with the 
assumptions, rates of utilization for Level II (495.8 PDAYs per 1000 
persons-year) and Level III (198.6 PDAYs per 1000 persons-year) were 
constant for the three Classes of DISTs. Differences in total utili- 
zation rates were attributable to variations in Level I care require- 
ments. Level I utilization rates ranged from a high of 1,340.2 PDAYs 
per 1000 personsyear for Class X DISTs to a low of 684.8 PDAYs per 1000 
persons-year for Ciass Z DISTs. Based on Model 8 utilization rates, 
total PDAYs in Alberta during the two year study period were designated 
as: 1) 57.7% Level I care; 2) 30.2% Level II care; and 3) 12.1% 
Level III care (Table 12). 

4.3 Estimation of BULPs 

Model A and B estimates of utilization rates by levels of care 
were applied to the SP of the six REGIONS (GP, ED, CL, RD, LB and MH) 
in order to compile two sets of bed utilization profiles for the 121 
HOSPs in Alberta (BULPs). The following analyses were undertaken in 
deriving the two sets of BULPs: 1) determination of the SPs for each 
of the six REGIONS; 2) derivation of the PDAYs generated by the resi- 


dents of each REGION; 3) allocation of the patient days by levels of 
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LEVELS OF CARE UTILIZATION RATES UNDER MODEL B 
(Units: PDAYs/1000 Persons-Year) 


—_—_—eee..nen nk e—e—e—=-— eee 


DEST RG MODEL B UTILIZATION RATES 
CEASSP #SaP.2 DEVE? LEVEES LEVER TOTAL 
X Sete i 1,340.2 495.8 198.6 2,034.6 


(1,843. 7)b (682.1) (273545 (2,798.9) 


Y 369.9 867.1 495.8 198. 6 1,561.5 
(320.8) (183.4) (73.4) (577.6) 
Z 1,930.8 684. 8 495.8 198. 6 UBT? 


(329.2) (957.4) (383. 4) (2,662.9) 


Alberta 3,676.4 (3,486.6) (1,822.9) (729. 9) (6,039.4) 


Percentage of PDAYs (57.7%) (S0572) (125 1%5 (100% ) 


aService Population estimates are listed in units of 1000 age-sex 
adjusted persons-year for the 24 month study period. 


DPDAY estimates in units of 1000 days, corresponding to the 
utilization rates, are provided in brackets. These estimates were 
obtained by multiplying the utilization rates by the S.P. estimates for 
each class of districts and represent Pday estimates for the 24 month 
study period. 
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care to the HOSPs serving the six REGIONS; and 4) conversion of these 
patient days to comparable hospital bed equivalents. 
4.3.1 Determination of Regional Service Populations 

Service populations for the six geographic regions were derived by 
Summing the age-sex adjusted SP estimates for those DISTs included 
within the boundaries of each REGION. The provincial service popu- 
lation of 3,676,400 persons-year was then tabulated by DIST Class of 
origin within the six REGIONS (see Table 13). The two major urban 
REGIONS (ED and CL) accounted for 80% of the provincial SP, while the 
other 20% was distributed across the remaining REGIONs. Proportions of 
the SPs originating in the three Classes of DISTs varied markedly 
across the six REGIONS (see Table 13). The subdivisions of the six 
REGIONAL SPs by Class of DIST were then used in estimating the PDAYs by 
levels of care. 
4.3.2 Estimation of PDAYs by Levels of Care 

Estimates of PDAYs by levels of care were calculated by applying 
Model A and B utilization rates from Section 4.2.3 to REGIONAL Class- 
specific SPs. Since Level II and III services are, by definition, less 
readily available within patients’ DIST of origin, particular attention 
was focused on determining PDAYs for Level II and III services for each 
REGION. These calculations yielded two sets of REGIONAL estimates of 
PDAYs by levels of care (see Model A - Table 14; Model B - Table 15). 
For example, according to Table 13, the SP of Grande Prairie consisted 
of 18.9 x 103 and 51.7 x 103 persons- year for Class X and Class Y 
DISTs, respectively. Therefore, according to Model A the number of 
Level II PDAYs required for the X Class DISTs in this REGION are 18.9 x 


103 persons x 435.7 per 1000 persons-year = 8.2 x 103 PDAYs. For Y 
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TAB EES 13 


REGIONAL DISTRIBUTION OF SERVICE POPULATION BY DISTRICT CLASS 
(Unit: 1000 persons-year) 


rr ee ets ct 


REGION Sor eI CLASS xOReDLSTRICH 
X ¥ L TOTAL % 
Calgary 154.9 0 965.1 1,119.0 30.5 
Edmonton 846.3 0 978.5 1762448 49.6 
Lethbridge tate 140.3 0 Cole io Uf 
Red Deer 176.6 85.0 0 261.6 fal 
Medicine Hat 24.9 93.0 0 1173 a2 
Grande Prairie 18.9 het 0 1G ee) 
Alberta 5362.9 370.0 1,943.6 3,676.4 100% 


Percentage 37.1% 105.0% 52.9% 100% 


TABLE 14 


COMPOSITION OF REGIONAL PDAYs BY LEVEL OF CARE AND 
DISTRICT CLASS UNDER MODEL A (Unit: 1000 PDAYs) 


Sanne ee 


LEVELS OF DISTRICT CLASSES 
REGION — CARE X Y TOTALS 
Se ee ee ee A ay 
G.P I 25.3 53.2 0.0 78.5 
II 8.2 17.3 0.0 25.5 
[it 4.9 10.3 0.0 15,2 
TOTAL 38.4 80. 8 0.0 119.2 
R. De I 236.7 87.4 0.0 324. 1 
a 76.9 28.4 0.0 105.3 
III 45.7 16.9 0.0 62.6 
TOTAL 35958) 0132.7 0.0 492.0 
ive. I 189.1 144.3 0.0 333.4 
II 61.5 46.9 0.0 108. 4 
III 36.5 27.9 0.0 64.4 
TOTAL 287.1 219.1 0.0 506.2 
MH. I 33.3 95.7 0.0 129.0 
Il 10.8 aL 0.0 41.9 
III 6.4 18.5 0.0 24.9 
TOTAL 50.5 145.3 0.0 195.8 
E.D. ef ike 0.0 889.0 2,023.2 
II 368.7 0.0 289.0 657.7 
III 218.9 0.0 171.6 390.5 
TOTAL =, 721.8 0.0 ipedos  “syovide 
oa I 207.6 0.0 876.8 1,084.4 
Il 67.5 0.0 285.0 352.5 
III 40.1 0.0 169.3 209.4 
TOTAL 315.2 Uy Tee 1,646.3 
Alberta t ) Gs826:2 sents « Tywebes pores 
Il 593.6 123.7 574.0 1,291.3 
III 352.5 73.6 340.9 767.0 
TOTAL =. 2,772.3 577.9 2,680.7 6,030.9 
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COMPOSITION OF REGIONAL PDAYs BY LEVEL OF CARE AND 
DISTRICT CLASS UNDER MODEL B (Unit: 1000 PDAYs) 


bah ne ae es ee ee ee : 
LEVELS OF DISTRICT CLASSES 
REGION CARE (oc Ont ea 2 TOTALS 
eee Sere ee 28s | Re ES eres (to ape eee 
GaP. I 25.3 44.8 0.0 70.1 
i 9.4 25.6 0.0 35.0 
[eel 3.8 10.3 0.0 ig 
TOTAL 38.5 80.7 0.0 119.2 
R.D. I 236.7 i330 0.0 310.4 
II 87.6 Apel 0.0 129.7 
ipa ei 16.9 0.0 52.0 
TOTAL 359. 4 e287 0.0 492.1 
ieaBs I 189.1 ee? 0.0 310.8 
II 70.0 69.6 0.0 139.6 
Tl 28.0 27.9 0.0 55.9 
TOTAL 287.1 219.2 0.0 506. 3 
M. He I 33.4 80.6 0.0 114.0 
II 12.4 46.1 0.0 58.4 
III 5.0 18.5 0.0 93.5 
TOTAL 50.8 145.2 0.0 195.9 
pais I 11342 0.0 670.1 1,804.3 
II 419.6 0.0 485.1 904.7 
III 168.1 0.0 194.3 362.4 
TOTAL 1a72ie9 .0 1,349. 5 3,071.4 
cre I 207.6 0.0 660.9 868.5 
my 76.8 0.0 478.5 555.3 
III 30.8 0.0 ik 222.5 
TOTAL 315.2 0. 16231 1,646. 3 
Alberta I 1,826.3 320.8 heer ac7o1 
II 675.8 183.4 963. 6 1822.8 
III 270.8 73.6 __ 386.0 730.4 
Ne PEE 577.8 2,680.7 6,031.3 
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Class DISTs, the number of PDAYs generated for Level II care are 51.7 x 
103 persons x 334.3 per 1000 persons-year = 17.3 x 103 PDAYs (Table 
14). Using the same approach, Model B provides 9.3 x 103 and 25.6 x 
103 PDAYs for Level II care for Class X and Y DISTs, respectively, in 
Grande Prairie REGION (see Table 15). 

4.3.3 Allocation of Utilization Estimates to Hospitals 

The next stage in the development of the BULPs was to allocate the 
utilization estimates in PDAYs by levels of care among HOSPs in each of 
the six REGIONS. To achieve consistency in the distribution of these 
PDAYS, a series of allocation steps was followed. 

PDAY estimates by levels of care for those REGIONS, which are com- 
prised of Class X and Y DISTs and encircle Class A and B HOSPs (i.e., 
GP, MH, RD & LB REGIONS), were distributed among hospitals as follows: 
Step A.l. All Level II PDAY estimates for each REGION were allocated 
to those Class B HOSPs located within that REGION. For LB REGION, 
which contains two Class B HOSPs (Municipal and St. Michael's Hospi- 
tals), Level II PDAY estimates were allocated in proportion to inflows 
of patients to these Class B HOSPs from all DISTs comprising the LB 
REGION (but excluding Lethbridge District where the two hospitals are 
situated). 

Step A.2. Level III PDAY estimates for these four REGIONS were distri- 
buted among Class C HOSPs situated in other REGIONS (ED and CL REG- 
IONS). These PDAYs were allocated in proportion to the inflow of 
patients to these Class C HOSPs from the DIST in which the REGION's 
Class B HOSP(s) is (are) located. 

Step A.3. Level I PDAY estimates for Class B HOSPs in these REGIONS 


were determined by subtracting Level II PDAY estimates from total PDAYs 
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for the Class B HOSPs. By definition, all PDAYs incurred in Class A 
HOSPs in these four REGIONS were designated as Level I. 

Allocations of Level I, II, and III PDAY estimates for REGIONs 
encompassing X and Z Classes of DISTs (i.e., ED and CL REGIONs) were 
confounded by flows of patients seeking three levels of care from Class 
A, B, and C HOSPs located in these REGIONS. To overcome these compli- 
cations, the following allocation approach was taken. 

Step Bel. Initially, Level II and III PDAY estimates were assigned to 
Class B and C HOSPs within these REGIONs. These allocations were pro- 
portional to the inflows of patients to Class B and C HOSPs in the &£D 
and CL Districts, respectively, from those Class X DISTs within each 
REGION (excluding those DISTs in which Class B and C HOSPs were situ- 
ated). 

step B.2. Level III PDAY estimates for ED and CL REGIONS were then 
allocated separately to Class C HOSPs in these REGIONS (by definition B 
HOSPs do not provide Level III care). These allocations were in pro- 
portion to the inflows of patients to ED and CL REGIONs' Class C HOSPs, 
respectively, from Class Y DISTs which encompass Class 8 and possibly 
Class A HOSPs (GP, RD, LB and MH DISTs). The rational being that since 
Levels I and II care are available, only residents requiring Level III 
care would flow out to ED and CL REGIONs. 

Step B.3. Subsequently, the allocation of Level II PDAY estimates to 
Class B and C HOSPs within ED and CL REGIONS was made by subtracting 
the Level III allocations (determined in Step B.2) from the initial 
total Level II and III allocations (derived in Step B.1). 

Step B.4. Once Level II and III allocation rules were implemented, 
Level I PDAYs were distributed among HOSPs in these REGIONs.  PDAYs 
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associated with Class A HOSPs were, by definition, designated as Level 
I. For Class B HOSPs, Level I PDAYs were determined by subtracting 
Level II PDAY estimates from the total PDAYs for each Class B HOSP. 
Level I PDAY estimates for Class C HOSPs were obtained by subtracting 
Level II and III PDAY allocations (derived in Step B.2 and B.3) from 
total PDAYs associated with each Class C HOSP. 

These allocation steps were applied in order to distribute the two 
sets of regional utilization estimates (Models A & B) in PDAYs by lev- 
els of care among Class A, B, and C HOSPs. The resulting PDAYs by lev- 
els of care associated with different HOSP are summarized in Table 16. 
4.3.4 Delineation of Hospitals' Beds by Levels of Care 

The final stage in development of the BULPs was to translate the 
PDAY estimates derived in the previous section into corresponding pro- 
portions (or numbers) of beds for each HOSP. To achieve these esti- 
mates, PDAYs by levels of care were converted to a proportion of the 
total PDAYs for each HOSP and then multiplied by the number of beds in 
each HOSP. As a result two BULPs, based on Models A and B, were 
compiled for every HOSP in Alberta. 

The two sets of BULPs are listed in Table 17. Of the 11,629 acute 
care beds in Alberta, 7,821 (67.3%) and 6,957 (59.8%) based on Model A 
and Model B respectively were designated as providing Level I services. 
In total, 1,468 (12.6%) using Model A and 1,406 (12.1%) using Model B 
were identified as Level III beds. The remaining 2,340 beds (20.1%) 
for Model A and 3,266 beds (28.1%) for Model B were listed as Level II 
beds. Although, Models A and B were based on different assumptions, 


similar numbers (or proportions) of beds were designated as Level III. 
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The differences were associated with the allocation between Levels I 
and Il. In Chapter V the utility of Model A and B BULPs is evaluated. 

Upon reviewing Table 17, four atypical BULPs are in evidence (Mod- 
el A - Dr. W.W. Cross Cancer Hospital; Model B - Alberta Children's, 
Foothills Provincial, and Dr. W.W. Cross Cancer Hospitals). Based on 
the BULPs derived, it appears that these hospitals do not provide Level 
I and/or Level II care. The Dr. W.W. Cross shows a consistent pattern 
between Models A and B (i.e., no beds designated to Levels I and II). 
This may be due to the fact that the Dr. W.W. Cross Cancer Hospital 
serves only as a referral hospital for a diagnostic - specific group of 
diseases. The Alberta Children's and Foothills Provincial Hospitals 
differ between Models A and B BULPs in that, using Model A, both hospi- 
tals have Level I beds; while these hospital have only Level II and III 
beds under Model B. These hospital are also considered to be tertiary 
referral centres. However, these inconsistencies across the two models 
are not readily explained. 
4.4 Summary 

Based on the conceptual framework developed in Chapter III, pat- 
jent origin-destination utilization patterns were analysed and results 
were used to derive two sets of BULPs for the 121 HOSPs in Alberta. As 
part of this developmental process, the appropriateness of the geogra- 
phic units of analysis selected for this study was evaluated, and two 
sets of provincial utilization rates for primary, secondary, and tert- 
iary hospital services (Models A and B) were determined. The develop- 
ment of the BULPs represents an initial attempt to use geograpnic vari- 
ations in patient utilization patterns to determine the number or pro- 


portion of beds in each hospital used for the different levels of care. 
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The major findings associated with the development of these BULPs, are 
listed below. 

1) Movements of patients within Alberta tend to conform to the three- 
tier hierarchical configuration of service constituencies (DISTs, REG- 
IONS, REFERRAL AREAS) which were used as the geographic units of analy- 
SSMINALOLS: Study. 

2) The tendency for patients to minimize distance when seeking hospi- 
tal services was substantiated with 78.75% of all patient SEPs assoc- 
jated with HOSPs located within patients' DIST of origin. 

3) The ALOS of patients seeking care outside their DIST of origin sur- 
passed that of patients seeking care within their area of DIST except 
for the two urban districts (ED and CL). 

4) The ALOS of patients in different Classes of HOSPs increased dir- 
ectly with the levels of care available. These results tend to support 
the assumption that HOSPs providing higher levels of service (based on 
the conceptual framework) serve more seriously il] patients who require 
a different array of services. These results also indicate that com- 
parisons of hospital utilization based on SEPs may be systematically 
biased across the three Classes of HOSPs in terms of ALOS. 

5) Patients originating from DISTs with lower level services have 
shorter ALOS within their DIST HOSPs, but high total rates of utili- 
zation in PDAYs per 1000 persons-year, aS compared with patients from 
DISTs with higher levels of care available (Table 7 & 9). If LOS is 
deemed to be a reflection of the seriousness of a patient's illness, it 
would appear that patients from DISTs where higher levels of care are 
more readily available tend to be hospitalized for more serious illnes- 


ses, possibly due to the application of more stringent admission cri- 
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teria in urban areas. Thus, it would appear that patients' care- 
seeking behaviours follow a distinct pattern in relationship to the 
levels of care available in their DIST of origin. 

6) Although different assumptions were used, Models A and B produced 
remarkably similar results, with the exception of a number of specific 
hospitals. Furthermore, the results appear to confirm the author's 
general perception regarding levels of care based on size, location, 


teaching status, or specialization of hospitals. 
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CHAPTER V 
AN EVALUATION OF BED UTILIZATION BY LEVELS OF CARE PROFILES (BULPs) 

In Chapter V, the utility of BULP measures developed in the prev- 
jous chapters is evaluated in terms of the allocation and consumption 
of resources commensurate with the level of service provided. The BULP 
methodology could also be of value in assessing utilization patterns 
associated with a particular region, service population (e.g., paediat- 
rics, geriatrics) or hospital, and in planning the equitable allocation 
of beds. In an initial attempt to explore these potential applications 
of BULPs, a series of multiple regression analyses was undertaken. 
These analyses were intended to ascertain the relative utility of Model 
A or Model B BULPs (either as raw bed numbers or as percentage equiva- 
lents) in explaining interhospital operating cost variations. The doc- 
umented positive relationship between hospital operating costs and 
case-mix complexity (e.g., Lave & Lave, 1970; Evans & Walker, 1972; 
Watts & Klastorin, 1980) provided a basis for this evaluation. In this 
regard, Model A and Model 8 BULPs were designated as proxy measures of 
interhospital differences in the complexity of patients treated. 
5.1 Strategy for the Evaluation 

Evaluation of the BULPs was a secondary focus undertaken in sup- 
port of the central purpose in this exploratory study; that is, the 
development of a methodology to designate hospital beds by levels of 
care in accordance with geographic variations in hospital utilization 
patterns. Empirical validation based on objective data is essential in 
establishing the utility of any new methodology. The initial phase in 
evaluating the BULPs consisted of an investigation of the association 


between various measures of hospitals' operating costs and BULPs. A 


3 2 


hie at pee 
eam awe 08 
avery, tt @ ego? CAD 
eee a vie pevat a) sare a: 
Vs gel, hehe ene 
wr utey) pelgen! Tie pie Sn Y8Y my 7 
3A2 wed 4 29) <0 Ue ate * “athe batons 
nol ssactte oTdentupe vite pihapee lay ni bre teat 40 
280) teat ique Te*ineren won wera M0 a i aaepa 
Jersey, ea 2a miltitectne” sty thee Ae 
tebe ty valli oo ea ner 6] penned 
byl et SiR TRRPTES: 98 a Pratt gat at “a a Pe? 
<i ort ai yehuey Bia pal tenenye neo aa 
exp ccvoa phitewne. INEEgpat @amted _otdengtze fay: ' 
‘Set Ma ney’ OUT coves » evel, oie) ae 
2tAT. nt \otbT ies Svs “rap ith efead 4 bea? wan (BROT afr 
50- semen Goes, 2h beARRgERD oon 7 tlt i Tepe. wid 
~betes~! giestieg Ye Uiaslcras pp ot ragiers 1b Ts 
attes 


— Ri 


+ ; 
a) 


bah 


eee 


epee 1M rvlasreony cio ubanete 6 2a AMIE SH 
wi? 92%, see vebuse. yronemlgae att, 0) geerwd. HF 
to rina Qe xine Faphgiiod ateagnen 92 cinilepecinig AP 
notsans Tht satgeed WP any Fas tiie staan doy Mate 


pk 


more indepth assessment of the BULP concept, and the methodology devel- 
oped in this study, could involve "expert" assessment of the results 
based on a concensus-reaching method such as the Delphi technique (Lin- 
stone & Turoff, 1975) or more extensive analysis using econometic 
models. This type of assessment was, however, considered to be beyond 
the scope of this study. Given the limitations of this study, only a 
preliminary evaluation was undertaken. Further evaluation of this 
methodology is necessary to ensure acceptance by professionals and 
policy-makers and to establish a basis for the extension of this 
research. 
9-2 Hospital Operating Costs 

Various hospital operating cost statistics formed the data base 
for evaluating the BULPs. A description of these data and the distri- 
bution of costs across hospitals in Alberta is presented in the 
following sections. 


5.2.1 Hospital Financial Data 


Financial data for 120 Alberta HOSPs° were abstracted from the 
Annual Return of Health Facilities - Hospitals Part One (Annual Ret- 
urns) for the fiscal years ending March 31, 1978 and 1979. These data 
are submitted annually, by each HOSP, to AHMC for administrative and 
statistical purposes. 

Several limitations were associated with these data: 1) hospital 
operating costs are tabulated by types of expenditures (e.g., salary 
costs, drug costs, medical and surgical supplies, employee benefits), 
and 2) by major departments/services (i.e, Nursing, Diagnostic and 


Enna 


SFinancial data for one 50 bed hospital were not available.  There- 
fore, only 120 of the 121 HOSPs were considered in these analyses. 
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and Therapeutic, Special Research, Educational Programs, Administrative 
and Supportive Services). Costs for specific services (or programs ) 
such as intensive care or cardiovascular surgery are not isolated. 
Also, these data include outpatient costs which may distort, minimally, 
the nature of the cost relationships insofar as the impact of outpat- 
jent utilization was not considered in other aspects of this research 
design. While it would have been preferrable to have more detailed 
data so that the cost of individual service units and the impact of 
Outpatient activity could be determined, such specific data were 
unavailable. The reliability and validity of these data are dependent 
upon adherence to the established reporting criteria by the various 
hospitals’ personnel. 

Two other aspects of these financial data should be noted: 1) 
the AHMC financial year end was modified in 1977 resulting in a 15 
month recording period (January 1, 1977 to March 31, 1978), and 2) the 
year end for the financial data (March 31) did not coincide with the 
year end for the PAS utilization data (December 31). To account for 
the extended recording period, 1977-738 operating costs were prorated. 
Regarding the PAS data, it was anticipated that a three month differ- 
ence in year ends would not have an appreciable effect on the results 
of this study as it represents only a three month time lag on two years 
of data. | 
5.2.2 Distribution of Operating Costs 

During the 24 month study period there were 781,128 SEP (5,828,101 
PDAYs)® associated with the 11,579 hospital beds available in Alberta 


a 


6SEPs and PDAYs used in the financial analyses were obtained from the 
Annual Returns. Due to minor differences in the compilation criteria, 
the PDAY and SEP estimates reported in the Annual Returns and those 
compiled from the PAS Abstracts for the same recording period differ 


Slightly. 
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Operating costs in the corresponding 120 HOSPs totalled approximately 
$834 million. On a province-wide basis, the average operating costs 
were $36,000 per bed-year, $1,067 per SEP or $143 per PDAY. As illust- 
rated in Table 18, three major hospital departments incurred 95.8% of 
the operating costs (i.e., Diagnostic and Therapeutics, 21.0%; Nursing, 
35.1%; Administration and Support Services, 39.7%). Expenditures on 
Research and Education were limited to two and 16 hospitals respect- 
ively, indicating the restricted applicability of these departmental 
cost categories as currently defined and/or the limited funding of 
research and education activities in hospitals in Alberta. 

Substantive variations exist among these hospitals in terms of the 
number of beds, total operating costs, and other unit costs per hospi- 
tal (Table 19). Particularly noteworthy were disparities in costs per 
PDAY and costs per SEP which ranged from a low of $360.62 per SEP 
($72.77 per PDAY) to a high of $4,458.31 per SEP ($467.76 per PDAY). 
It would seem reasonable to speculate that these cost variations could 
be associated with differences in the level of care provided. 

5.3 Regression Models 

A series of multiple regression analyses was completed in order to 
evaluate and compare the BULPs; these analyses were based on different 
sets of dependent (cost measures) and independent variables (bed meas- 
ures). The resulting regression values were used in assessing the uti- 


lity of Model A and B BULPs in explaining interhospital variations in 
Operating costs. 


9.3.1 Dependent Variables 


Three different sets of dependent variables (operating cost meas- 


ures) were used: 1) total operating costs; 2) average costs per 
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TABLE 18 


HOSPITAL OPERATING COSTS IN ALBERTA BY MAJOR DEPARTMENTS 
FOR THE STUDY PERIOD APRIL 1, 1977 - MARCH 31, 1979 
(n = 120) 


— 


Operating Cost Measures@ 


Major anc OSS), Costs Costs Per- 
Departments Total Bed-Year  /SEP /PDAY Centage 

($1,000 ) ($1,000 ) $ $ ‘b 

Nursing 292 ,954.4 20 375. 04 S027 Boe 


Diagnostic & 
Therapeutic 17S, 415.9 Tao Cony ou oUes1 0 hen | 


Administration & 
Support Services  330,687.3 14.3 423. 33 56. 74 SS) 


Education 62.021, 4 4 40.99 5.49 3.8 
Research Alagie— apeth 3. 26 43 0.3 
Alberta 833,629. 9 4680" 85067128) 143-03) 100.0 


Note. Data were derived from the Annual Return of Health Care 


Facilities - Hospitals Part I for fiscal years ending March 31, 
1978 and 1979. 


aNumbers of SEPs (781,128) and PDAYs (5,828,101) were obtained 
from the Annual Returns. Due to minor differences in compilation 
criteria, estimates of SEPs or PDAYs vary slightly between those 
reported in the Annual Returns and the PAS separation abstracts. 
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TABLES 19 


DISTRIBUTION OF THE NUMBER OF BEDS, SEPARATIONS, 


PATIENT DAYS, AND OPERATING COSTS 
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Range 


hyaee: 


99,27/.8 
40,213 
313,042 


4,097.69 


(n = 120) 

Measure Minimum Maximum Mean 
Beds/year 8 15236 96.5 
Total Costs/ 
year ($1,000) 169.1 59,447.0 3,474.7 
SEPs/year 91 40,304 65205 
PDAYs/year 1,666 365,008 24,283 
Costs/SEP ($) 360. 62 ib EMT eis Sy 914.85 
Costs/PDAY ($) aad Hi 467.76 119.55 


Note. These data were collected over a 24 month time frame. 


394. 99 


Thus, the 


measures listed represent average values per year, per SEP, or 


per Pday based on the 24 inonth period. 
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PDAY; and 3) average costs per SEP. In addition, these three primary 
cost measures were subdivided by major departmental groupings (j.e., 
Nursing (NSG), Diagnostic/Therapeutic (DIAG), and Administration/ Supp- 
ort Services (ADM)) as a means of exploring, in more detail, the asso- 
ciation between the BULPs and operating costs’. As listed below, a 
total of 12 different cost measures (3 sets) were used as dependent 
variables. 


Dependent Variables Sets 


TOTAL COSTs Average COSTs Per SEP Average COSTs Per PDAY 
TOTAL TOTAL/SEP TOTAL /PDAY 
NSG NSG/SEP NSG/PDAY 
DIAG DIAG/SEP DIAG/PDAY 
ADM ADM/ SEP ADM/PDAY 


5.3.2 Independent Variables 


The following five sets of bed measures were designated as inde- 
pendent variables. 
Independent Variable Sets 
1) Total numbers of rates beds in each hospital as a proxy measure of 
hospital size (BEDS). 
2) Total numbers of rated beds by three levels of care, BEDA1, BEDA2, 
BEDA3, based on Model A (BEDA). 
3) Total numbers of rated beds by three levels of care, BEDB1, BEDB2, 


BEDB3, based on Model B (BEDB). 


7Cost breakdowns for Research and Education were not attempted 
because this information was not available for many hospitals from 
the Annual Returns. 
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4) Proportional estimates of beds by three levels of care, PAl, PA2, 

PA3, derived from Model A (PA). 

5) Proportional estimates of beds by three levels of Carelmrod, roe, 

PB3, derived from Model B (PB). 

These different sets of independent variables were used to compare tne 
usefulness of BULPs in explaining the variation in cost behaviours 
across hospitals. 

5.3.3 Specification of the Regression Analyses 

Three series of regression analyses (Specifications I, II, and III) 
were undertaken based on various combinations of these sets of depend- 
ent and independent variables. 

Specification I. Traditionally hospital costs have been investi- 
gated using the number of beds as the independent variable, because 
this approximates hospital size. This approach provides an estimate of 
marginal cost per bed. The difficulty with tnis approach is that it is 
based on the implicit assumption that hospital beds are more or less 
equivalent vis a vis the levels of care provided; the major focus of 
this study was to challenge this implicit assumption by developing a 
methodology (BULPs) which differentiates among hospital beds by levels 
of care. Thus, BEDS was used to establish a baseline for comparing the 
results from the four remaining independent variable sets which are 
based on the BULP concept. The regression model used was: 

y=Bot+BiX+eE (1) 
where Y represents the dependent variable and assumes the value of 


TOTAL, NSG, DIAG, or ADM cost measures and X represents the independent 


bed measure, BEDS. 
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Specification II. The second series of specifications used TOTAL 
COSTs as the dependent variable set and Model A or Model B BULP meas- 
ures expressed in numbers of beds as the independent variable sets; 
such that: 

Sf te Bo 7 B1X1 + B2 Ko + B3X3 + £ (2) 

where 

y assumes the value of TOTAL, NSG, DIAG, or ADM. 

Xj represents the number of beds in Level I (BEDAl or BEDB1) 

X2 represents the number of beds in Level II (BEDA2 or BEDB2) 

X3 represents the number of beds in Level III (BEDA3 or BEDB3) 
From these analyses, it was possible to compare the relative explana- 
tory value of BULPs under Model A or B, as well as determining the mar- 
ginal costs associated with changes in bed number for each level of 
care (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975). 

Specification III. Some limitations were associated with Specifi- 
cations I and II in that extreme variability in the size of hospitals 
(i.e. 8 beds to 1236 beds) and total cost measures (i.e., $169,149 to 
$59,277,810) appeared to overshadow the potential association between 
costs and levels of care. In order to control for the dominant influ- 
ence of hospital size, it was determined that unit costs (costs per SEP 
or PDAY) rather than total costs would be more meaningful. However, 
other researchers have regressed unit costs on BEDs without obtaining a 
good fit (e.g., Wallace, 1975), thus suggesting that hospital size 
measured in BEDs may not be adequate to explain the variability of unit 
costs and possible interaction of case-mix differences (or the levels 
of care provided). In order to investigate the association between 


BULPs and unit costs, it appeared necessary to remove the influence of 
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hospital size from the BULP measures. This was achieved by using the 
percentage form of the BULPs (in lieu of the actual bed numbers); as 
such, the PA and P8 independent variable sets were employed instead of 
BEDA and BEDB. One difficulty inherent in the use of these percentage 
variable sets is that, by definition, the three elements of each hospi- 
tal specific BULP sum to 100. Consequently, when regression analyses 
were conducted using the standard regression model with a constant 
term, linear dependency problems arose between the three components of 
the independent variable sets, PA or PB (percentages of beds in the 
three levels of care), and the implicit independent variable associated 
with the constant term. In other words, only three of the four para- 
meters could be estimated under these conditions. To resolve these 
multicolinarity problems, a linear regression model without a constant 
term (see Biomedical Computer Programs, Dixon, 1975) was used, such 
that 
YSPC 1h) FR 2eN2 ee Boake (3) 

where 
Y assumes unit costs expressed either per SEP or per PDAY (TOTAL/SEP, 
NSG/SEP, DIAG/SEP, ADM/SEP or TOTAL/PDAY, NSG/PDAY, DIAG/PDAY, ADM/ 
PDAY); 
Xj represents the percentage of Level I beds; 
X92 represents the percentage of Level II beds; 
X3 represents the percentage of Level III beds. 

Further modification of this specification was necessary because 
the computer program available for this analysis (Dixon, 1975) esti- 
mates multiple correlation using equation (3) above against the re- 


stricted equation with B1 3 (pS te Oe where it would be more 
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appropriate to use By; = 82 = 83. To achieve this more correct 
form, the dependent variables were converted to the corresponding devi- 
ation scores (i-e., the unweighted mean value was subtracted from each 
set of dependent variables).8 In addition, standard regression 
analyses using the unit cost measures (costs/SEP & costs/PDAY) and the 
independent variable, BEDS, were run. The results of these analyses 
provide a baseline for assessing Specification III results where the 
hospital size factor is removed from the BULP measures (PA & PB inde- 
pendent variable sets). 
5-4 Regression Analyses - Results and Discussion 

Results of the regression analyses, based on the three sets of 
specifications, are discussed according to their usefulness in explain- 
ing operating cost variations among HOSPs measured in TOTAL COSTs, 
COSTs per SEP, and COSTs per PDAY. 
5.4.1 TOTAL COSTs and BEDs 

The results of the regression analyses under Specification I are 
presented in Table 20. As expected the R square values were very high 
(0.90 = 0.99) suggesting a good fit of the regression equation when 
BEDs is used as the independent variable. Nonetheless, as noted prev- 
jously, those results are not surprising given the extreme variations 
in hospital size (bed numbers) and associated total costs. The margi- 


nal costs per bed were estimated at $43,920, $15,300, $10,400, and 


8Without this adjustment, the Biomedical Computer Programs (Dixon, 


1975) produces R square values which are overly high because the sum 
of the squares is evaluated from the origin, rather than from the 


mean. 
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$14,990 per bed-year for TOTAL, NSG, DIAG, and ADM, respectively9. 
9-4.2 TOTAL COSTs and BULPs 

The results of regression analyses under Specification II are also 
reported in Table 20. The range of the R Squares is 0.96 W:0.99 indi- 
cating that there was a good fit for the regression equations. It is 
noteworthy that there were iminimal differences between Model A and B 
BULPs, expressed as actual bed numbers (BEDA and BEDB), in terms of 
explaining interhospital variations in total costs: when rounded to 
two decimal places the R square values were the same. It is conceiv- 
able, however, that the extreme variation in hospital bed numbers and 
total costs may have dominated to such a degree that differences due to 
Model A or Model B BULPs were obscured. From these analyses, marginal 
costs per bed-year based on Model A were $34,600, $41,500, and $61,200 
for Level I, II, and III beds, respectively; corresponding costs for 
Model 8 were $34,900, $39,000, and $63,000. These results indicate 
remarkable agreement between the two Models. The marginal costs for 
the major departments (Table 20) were relatively uniform among the 
three levels of beds with the notable exception of DIAG costs for Level 
III beds: the marginal DIAG costs related to Level III beds were 
approximately three times larger than those for Level I or II beds 
under Models A and B. These results indicate that substantially 


greater diagnostic and therapeutic costs are associated with HOSPs 


9The dependent cost measure TOTAL is the sum of the costs for NSG, 
DIAG, ADM, as well as Research and Education; the analyses were 
carried out independently. Therefore, the cost per bed estimates cal- 
culated from the regression analyses based on NSG, DIAG, and ADM do 
not sum to the cost estimates obtained from the regression analyses 


using TOTAL costs. 


142 


) | * ae 
. ots eee LT sate sas bay, fa 


] e 

oy a sae 

ahbni ee wal wae dh «0 a wh A suid: Ais} ee 
a pity - , 


g 


it Rv 7 2° 
miei, ATER 2 
~lw,.© 


hehauaw J sem ters mi sAarsi hay feriqeodoaaah intel i 
4 . 


f ; 
io 2f 31 is? SOF Gia coginy sts pe Rony as. in faa elt a 


ha ore : : 
1 + Tse ron ti) WOlia “al scenres gr | of 2 4 ove ew ) sid 


| 3. deewpely A thud Gh baer od> 8 ives 
; | 4 Ly Wy , s 
Ai | it f - 5 » 
ih ford es wd2 Ss yi i4Jua $ balk) Bin 
7 i. = : ~«-. L a - 
_ (Gee f (We, BE wits  tabael dO “‘bHzSG /RD\Ys 
i ; i toe Seer 
ref Oat aera i? 1s as | eztad 1 j 413 it 
: : > 
; ' a a 0 ' wy ahd ‘ees 


J} vot 27ap> DAW ‘Ye aplii@ane) otdssoh one: oe 


isu ae ye , 
ae y/ T92 lays uo) bets ie 12205 onl q tented 9d 
BP Ne 


ew 11.90 1 Foveld oy ole a agai wos! ton ait ag 


iA . - 


\ ' 4 Tf ie Jan? , #743) Pin De q2 bus 3" 3 29K 
. ' 


i 
7 


H vst betel ooaee gol: as709 “at mans als 2 
S An 


7 ri 


fs = . ti 
des Ad 22% > a 5 1. tus 
s ‘ow &2 dae pron - a7 ‘on Dita ma | vuln: 
na fea/h otumtse } e a in} ice Al 


b Ab “DAIa: 
saayh nov esaniye a. ae 


® 
fd 
7 — 


& - 
‘ i“ ni . 7 : * : r 7 
ane 


7 


143 


TABLE 20 


RESULTS OF REGRESSION ANALYSES INVOLVING TOTAL 
HOSPITAL OPERATING COSTS 


(n = 120) 
ee EOI AA PRP PnP Se nates inlet Gee See Ree eee 
Independent TOTAL TOTAL COSTs by Major Department 
Variable Set Costs NSG DIAG ADM 
oe ae th ll ls eda a a ns nnn boa 
BEDS 
Reg. Coeff.4 43.92 15.30 10. 40 14. 99 
Constant@ =, 02s 5) -510. 88 -547.16 -137.24 
R Square 0.97 0. 99 0. 90 0.98 
BEDA 
Reg. Coeff. 
BEDAI1 34.55 15203 6. 96 13270 
BEDA2 41.48 14. 06 6. 66 17.46 
BEDA3 Olly, elyienS 20.03 14. 04 
Constant -641.85 -472.76 -189.05 -53.34 
R Square 0. 99 0.99 0. 96 0. 98 
BEDB 
Reg. Coeff. 
BEDB1 34. 90 155,03 eas) 14. 00 
BEDB2 Chery Os) 14.34 6.97 16.09 
BEDB3 62.95 Weg 21.88 Ee / 
Constant -665.66 -474, 66 -207.68 -63.79 
R Square 0.99 0. 99 0. 96 0.98 


@The regression coefficients and constant values are expressed in 
$1,000 units. 


which provide Level III care. It would appear that the marginal cost 
information provided in Table 20 could be very useful for hospitals in 
forecasting budget requirements arising from Changes in programs which 
may alter the utilization patterns associated with their beds. 
5.4.3 COSTs per SEP and BULPs 

The results of the regression analyses based on Specification III 
and costs per SEP are given in Table 21. It is observed that the R 
Square value ranged From 0.08A30.87, suggesting that the relationship 
between BULP measures and unit measures of hospital operating costs (as 
quantified by the R square values) varies significantly depending on 
the cost centre involved. There is modest association between BULPs 
and TOTAL/SEP costs as evidenced by an R square value of 0.56 for both 
Models A and B. Further analyses by major departments indicates that 
BULPs have: 1) a minimal association with NSG (R square 0.08); 2) 
very high association with DIAG (R square 0.86-340.87); and 3) a mod- 
est association with ADM (R square 0.21). Notably, Models A and B 
yielded almost identical R square values shen rounded to two decimal 
places. In comparison, BEDS explained minimal interhospital cost vari- 
ations with R square values ranging from 0.0520.07. The poor perfor- 
mance of BEDS in accounting for variations in costs per SEP is congru- 
ent with the results of other studies (e.g., Schumacher & Horn, 1979; 
Wattsea ki astorin, 1980). Costs per SEP incorporate themet fectsmo; 105 
and hospital occupancy rates. Consequently, the influence of hospital 
size (in beds) is minimized and instead the efficient use of beds 
(productivity) is emphasized. 

The regression coefficients for PA and PB reveal interesting and 


generally similar marginal cost patterns. Unlike the results under 
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TABLE 21 


RESULTS OF REGRESSION ANALYSES INVOLVING 
HOSPITAL OPERATING COSTS PER SEP 
(n = 120) 


ee a eS ee) eee eee ee 


Independent TOTAL Costs/SEP by Major Department 
Variable Set Costs/SEP NSG DIAG ADM 
Unweighted Meand 914. 85 S20792 144, 33 434, 41 
pab 
Reg. Coeff.4 
PAl -0.85 -0.14 -Q. 47 -0. 16 
PA2 -1.27 23 -0.22 -2.18 
PA3 So ol 2e06 17. 64 9. 86 
R Square 0.56 0.08 0. 86 Gaya 
ppb 
Reg. Coeff. 
PAI -0. 83 -0.14 -9.45 -0.15 
PAZ =i.o2 1.02 -0.61 -1.91 
PA3 34. 23 2.66 18. 04 10. 16 
R Square 0.56 0.08 0.87 Deen 
BEDSC 
Constant4 849. 00 307. 34 115.9% 428.07 
Reg. Coeff.4 0. 34 Oe0 0415 ~03 
R Square 0.05 0.07 0.06 . 00 


—— RnR I EERE 


aRegression coefficients and unweighted means are expressed in 
dollars ($). 


bThe analyses were conducted using dependent variables in the form 
of deviations from unweighted means. 


CThese analyses were conducted using standard regression format and 
BEDS as the independent variable, for comparative purposes. 


ay ) 7 
co" ie\ 272 1 


sys0e0 49 / iaile 


a i g 
aT aaa 


iiss A sd od) a a ia sanezen 


mane ms pes et é 
OALG: Pf) ae ea ’ 
Ss 7 : 
ee ee ae errs ——E 
i- a 
rae er 
Soar | SOAS 
7 
Pe 
>! \ : : 7 
i - t ts, fn : ' ‘ ¢ j ' we aQe 7 7 
- -. : A : 
is aietanh, a ~ $5.1 "ats. 7 
i | ats ee ae 
83 JS BE 
‘ mo: y j ani, rT Leki i 7 
a 6 
Dont Ly ok SS A hee thet ai 
? i 
4 : 7 . ; 
; ray 
+: ’ i ‘ 7 ‘ 138 i 
i 4 % ef ii \ a = op ¢ soda al ine 
4 y \ j 
‘ i of 4 an > ’ 
; . : S iS eS bt 
fh = a ». BUeU aT 
At 


Bs 2140 OL nde oes 1200 4 2 
4 4 at Q ~' be 20. itd 7 o a supe 
. ee ali ‘row @ en 
: ; : : oD . 
s : pmo - Peet = a 


tg ee — 


en oe 


“i a PeyT s 
nf as 28°76 xe ane annon beate! awh at boa r sation ’ Dnt 7 jeegrgs aor 
; . ea : .( 3 ' 2 j ih 


ink ial al 
rat 06's) enti abt beth ahoeesalae 
: ennai t eT i 


. aA 
or ‘ eT 
on ' {ter v _ DY. ; ; 


ie Oh oo noted in " “rmbas ' 
cog tos 


eed 
= ; a 


Specification II, ADM costs together with DIAG costs contribute signif- 
icantly to the difference in costs per SEP between Level II and III: 
the corresponding marginal ADM and DIAG costs are approximately $10.00 
and $18.00 per SEP under both Model A and B (Table 21). With the 
exception of NSG, where the marginal costs increase gradually across 
the three levels of beds, marginal costs for the other cost centres 
(i-e., TOTAL, DIAG, ADM) are generally slightly lower for PA2 (or PB2) 
beds as compared with PAl (or PB1) beds, and then increase signifi- 
cantly for PA3 (or PB3) beds. For example, if 1% of the total beds 
formerly used to provide Level I care was converted to Level III care, 
$34.46 or $35.06 would be added to the TOTAL costs/SEP using Model A or 
B, respectively. These results may illustrate economies of scale with 
respect to basic administrative/support services (e.g., medical rec- 
ords, laundry, dietary, central supply, maintenance, general adminis- 
trative staff, materiel management) and diagnostic/therapeutic services 
(e.g., laboratory, pharmacy, radiology, social work, rehabilitation 
medicine) that are required to run a hospital of any size. Once a pri- 
mary care hospital jis operational, the addition of beds to provide 
secondary level care would not necessarily increase total costs per 
SEP. As such, increased costs may be offset by more efficient use of 
ADM and DIAG services (economies of scale). The very high regression 
coefficient values for Level III ADM may be indicative of the high 
costs associated with the large numbers of technical and administrative 
staff required to operate the more sophisticated services where tert- 
iary care patients are treated. Due to the small number of patients 
using these very specialized services, it could be hypothesized that 


optimal economies of scale may not yet exist in the provision of tert- 
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iary level services in Alberta. This theorization is Supported by the 
results of Finkler (1979b), who found that economies of production for 
large hospitals are offset by the failure to achieve economies of scale 
on specialized tertiary services, such as cardiac surgery. 

5.4.4 COSTs per PDAY and BULPs 

Results of the regression analyses, based on COSTs per PDAY and 
Specification III, parallel many of the results noted in the preceding 
section. The R square values ranged from 0.1920.80, exhibiting simi- 
lar results as those obtained in the preceding section using COSTs per 
SEP measures (Table 22). Model A and B produced comparable results in 
terms of R square values and regression coefficients. Corresponding R 
Square values using BEDS were significantly less effective in explain- 
ing interhospital variations in costs (R square values ranged from 0.00 
aw Ueto). 

The regression coefficients for PA and PB variable sets followed 
the same patterns as in Section 5.4.3 with one exception: marginal NSG 
costs per PDAY values were lowest for Level I, peaked for Level II, and 
dropped to a medium value for Level III. Although the R square values 
for NSG costs per PDAY (0.19A%x0.20) were slightly higher, as compared 
to using costs per SEP, the marginal cost results and R square values, 
in comparison to other cost relationships using BULPs expressed in per- 
centages, could not be explained within the context of this study. 
These unexpected results warrant further investigation. 

564.5 Summary 
Results of these regression analyses lend support to the concept- 


ual basis of this study, that utilization patterns are linked to the 
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ABE 22 


RESULTS OF REGRESSION ANALYSES INVOLVING 
HOSPITAL OPERATING COSTS PER PDAY 


(n = 120) 
Independent TOTAL Costs/SEP by Major Department 
Yariable Set COSES OEP NSG DIAG ADM 
Unweighted Meana 119555 42.81 18. 94 56. 80 
PAD 
Reg. Coeff.4 
PAL -0. 10 -0.02 -0. 06 -0.02 
PA2 0325 0.27 -0.09 -0.11 
PA3 Sh ca) 0.16 1. 88 0.91 
R Squared 0. 62 0.19 0.79 0. 20 
ppo 
Reg. Coeff. 
PAI -0. 10 -0.92 -0.05 -0.02 
PAZ 0.09 0.21 0.01 -0.12 
PA3 3230 O15 1.94 Q. 95 
R Square 0. 63 0.20 0. 80 0.21 
BEDS© 
Constant 1 Sii20 40. 90 15. 98 56.58 
Reg. Coeff. 0. 03 0.01 0.02 0.00 
R Square 0.05 Oet2 Q. 05 0. 00 


LT 


4aRegression coefficients and unweighted means are expressed in 
dollars ($). 


bThe analyses were carried out using dependent variables in the form 
of deviations from the unweighted means. 


CThese analyses were conducted using the standard regression format 
and BEDS as the independent variable, for comparative purposes. 
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requirements for different levels of care, which in turn are associated 
with variations in the operating costs of hospitals providing different 
levels of care. Model A and B BULPs, expressed in actual bed numbers 
or percentages, yielded similar R square values (ranging between 0.08 
== 0.99) in explaining interhospital cost variations (measured as 
TOTAL COSTs, COSTs per SEP, or COSTs per PDAY). Using either Model A 
or B BULPs, only minor cost variations were apparent between Level I 
and Level II beds; however, a dramatic increase in costs was associated 
with Level III beds. The highest proportion of the increments in costs 
for Level III beds was related to large increases in costs for DIAG 
services and moderate increases for ADM. In contrast, no consistent 
pattern of costs for NSG was evident. From this, one could speculate 
that the allocation of nursing resources does not reflect the complex- 
ity of the case-mix in provincial hospitals. 
5.5 Hospital Operating Costs by Levels of Care 

The preceding analyses provided a basis for projecting hospital 
OberatwigmcostSmin, terms of a [UIAL COS [S,6 COS (Se Dems StL. es OlaCOSiaper 
PDAY. The calculation of these estimates is based on the standard lin- 
ear equation: 

Y = C-+ ByXy + Baxo + B3%3 + E 

where Y is the projected value of the dependent variable (i.e., TOTAL 
COSTs, COSTs per SEP, COSTs per PDAY); C is the intercept term or con- 
stant which is added to each case; X1, X2, X3 are the independent 
variables; B1 is a regression coefficient and represents the expec- 
ted change in Y, with a change of one unit in Xj, when X2 and X3 


are held constant (the same explanation holds for Bo and 83); and E 
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is the error or the difference between the actual and the projected 
value of Y for each case. 

Projected operating costs for each hospital can be calculated 
using Model A and B BULPs or BEDs variable sets. The basic equations 
for these variable sets are illustrated below. (As noted in Section 
9.3.3, the constant term was eliminated when using variable sets based 
On proportional estimates of Model A and B BULPs). 

TOTAL COSTs Per Hospital ($1,000 units 

Using the results noted in Table 20, TOTAL COSTs per hospital can 
be projected based on following equations. 

BEDS. Y 23-15298+ 743592 5x 

BEDA Y 


-642 + 34.5 Xz, + 41.48X0 + 61.17X3 
BEDB Y 


-666 + 34.90 X} + 38.95X9 + 62.95X3 
where X;, Xg and X3 equal the number of beds used to provide the 
three levels of care in each HOSP, and X equals the total number of 
peds in each of the 120 study HOSPs. According to these equations, 
using BEDA, a change of one bed from Level II to Level III care would 
increase the HOSP's operating cost by $19,690 (i.e., [61.17 - 41.48] x 
$1,000). 

TOTAL COSTs Per SEP ($ units) 

Using the results provided in Table 21, TOTAL costs per SEP can be 
determined as follows: 

Paws Ye=) (0285 )exXpe+e(=152 7X one e(GS0L ) Xomte ols. 35 


Pou =! 


(-0.83) Xy + (-1.52) Xo + (34.23) X3 + 914. 85 
where X1, X2, X3 equal the proportion of Level I, I1, III beds in 
each HOSP. Using either PA or PB equations, a 1% shift in the propor- 


tion of beds in a HOSP used to provide Level III care instead of Level 
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I care would increase the cost per SEP by $34.46 and $35.06, respect- 
ively. (The unweighted mean ($914.85) must be added because these 
regression analyses were conducted using deviation scores (Y-914.8)). 
TOTAL COSTs Per! PDAY ($3 units) 
Total costs per PDAY can be projected using the following equa- 
tions which are derived from the results presented in Table 22: 


Bale | 


(-O310)Xq + (0.25) 8Xoee o(3. 29) Xara? 9556 

PB) Y =<(-0510) Xy + 0(0. 09)eX2 + (3.38) Xo + 119. 56 
where Xj, Xa, X3 equal the percentage of beds in each level of 
care for a HOSP and the unweighed mean equals 119.56. For PA and PB 
equations, a 1% shift in beds providing Level III care instead of Level 
I care would increase average PDAY costs at that HOSP by $3.39 and 
$3.48, respectively. 

These equations can also be calculated based on the costs assoc- 
jated with NSG, DIAG and ADM. Cost implications for each departinent 
arising from a change in the allocation or utilization of hospital beds 
among the three levels of care can be derived using these different 
variable sets and the regression coefficient values reported in Tables 
20 5ec lorandedd: 

5.6 Concluding Summary 

In order to evaluate Model A and B BULPs, a series of regression 
analyses were undertaken using five sets of independent variables (bed 
measures) and three sets of depend variables (hospital operating cost 
measures). Four of these bed measures were based on Model A and B 
BULPs, expressed in actual bed numbers (BEDA & BEDB) and in proportions 


(PA & PB). The total number of beds in each HOSP (BEDS) formed the 
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Fifth independent variable set and was used as a baseline in comparing 
Model A and B BULPs. 

Consistently, BULPs based on Models A and B explained similar 
amounts of the variation in interhospital operating costs with R square 
values ranging between 0.08 <= 0.99. BULPs were superior to BEDS in 
explaining cost variations when comparisons were made using the same 
operating cost measures. In this regard, the relative superiority of 
the BULPs was most apparent when unit measures of operating costs 
(costs per SEP or PDAY) were employed. With unit costs, BULPs accoun- 
ted for a large amount of the variation in DIAG costs (R squares 0.79 
0.87), but were less useful in explaining unit cost variations for 
ADM (R square 0.20 0.21) and NSG (R square 0.080.200) respectively. 
One could speculate from these results that, unlike DIAG services, ADM 
and particularly NSG are not directly related to the level of care pro- 
vided. This situation could exist for a number of reasons including 
the possibility that ADM and NSG services are not allocated rationally, 
or alternatively, that a basic level of ADM and NSG services must be 
maintained in hospitals which is not necessarily reflective of the 
level of care provided to patients. 

BULPs analyses of unit costs demonstrated similar marginal cost 
patterns for TOTAL COSTs and cost of the major departments, DIAG and 
ADM. In general, the associated marginal costs were lower for Level II 
beds than for Level I beds, and then increased significantly for Level 
III beds. These unexpected marginal cost results may be related to the 
impact of economies of scale for hospitals providing Level II services. 


Inconsistent marginal cost patterns were obtained for NSG. 
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Overall, the results of these analyses appear to confirm that hos- 
pital bed utilization by levels of care has validity in assessing hos- 
pital operating costs, except for NSG. Further analysis, possibly 


using more sophisticated econometric models, is warranted. 
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CHAPTER VI 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

In Chapter VI the findings of this study, which was undertaken to 
derive a methodology for estimating hospital bed utilization by levels 
of care, are summarized. An overview of the rationale and approach 
taken in developing the research methodology and the major findings and 
conclusions arising from this research are presented. Finally, recom- 
mendations for additional research on this topic are proposed. 
6.1 Summary of the Study 

Wherein Alberta ranks above the national average in acute care 
hospital beds per capita, concerns have been raised that these beds are 
not -equitably distributed across Alberta (Darnell et al., 1977; Hos- 
pital Utilization Committee, 1979). As a result, this study was under- 
taken with the main purpose of developing a methodology, based on 
patients' actual care-seeking behaviours, from which area-wide and 
hospital-specific estimates of the number (or percentage) of beds used 
to provide the three levels of care - primary, secondary, and tertiary 
- could be derived. A major premise of this study was that hospital 
beds are not equivalent, insofar as hospitals throughout a large area 
support different levels of care. It was anticipated that this method- 
ology would be of value to planners, policy initiators, and administr- 
ators for ensuring more efficient and effective utilization and allo- 
cation of hospital beds. 

A selected review of the literature was completed in order to est- 
ablish a realistic approach for achieving the stated purpose, given the 
limited resources available. An overview of the theoretical relation- 


ships among need, demand, and utilization provided a basis for under- 
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standing the complexities involved in determining the need for differ- 
ent levels of acute care hospital services and achieving an equitable 
distribution of specific heal th resources. Examination of the major 
classification methodologies employed in the health care field served 
to place this study in perspective, to clarify fundamental concepts, 
and to illustrate the utility of classification approaches. In recog- 
nition of the potential utility of classification methodologies in ana- 
lysing patient utilization patterns, a review of patient origin- 
destination research was undertaken. By integrating various components 
from tnese different aspects of the literature, a conceptual framework 
and methodology for estimating hospital beds by levels of care was 
devel oped. 

Congruent with the exploratory nature of the study, the initial 
phase of the methodology involved the development of an analytic frame- 
work for estimating hospital-specific bed utilization by levels of 
care. This was accomplished by first clustering hospitals and hospital 
districts to conform with the natural flow patterns of patients, and by 
then classifying hospitals and hospital districts in accordance with 
geographic variations in patient utilization patterns. Patient origin- 
destination data were employed primarily in measuring these variations; 
these results were then analysed using a regionalization or ecology 
approach in relating utilization patterns to different classes of hos- 
pitals and levels of care. 

In the second phase of the methodology, a series of patient 
origin-destination matrix analyses were conducted, and patient flows 
associated with the hospital and district classifications identified in 


the conceptual framework were calculated. These flow rates were then 
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analysed using two divergent models of reality (Models A and B), and 
two sets of provincial per capita utilization rates for primary, secon- 
dary, and tertiary care were estimated. Estimates of utilization rates 
under Models A and B were applied to the service populations for the 
Six geographic regions comprising the province; two sets of patient 
days estimates by levels of care were obtained. These patient days 
were allocated to the hospitals in the province in accordance with 
observed regional referral patterns. Two sets of bed utilization pro- 
files by levels of care (BULPs) were compiled for the 121 hospitals in 
Alberta by converting these patient day estimates by levels of care to 
the corresponding numbers (or percentages) of beds in each hospital. 

In the final phase of this study, an initial evaluation of- the 
methodology for estimating hospital bed utilization by levels of care 
was completed. Based on the premise that hospital operating costs 
Should be directly related to the complexity of the case-mix treated 
(or the levels of care provided), the utility of BULPs (under Models A 
and B) in accounting for variations in hospital operating costs were 
investigated. A series of regression analyses were completed using 
various bed measures (independent variables) and cost measures (depen- 
dent variables). 

Demographic, utilization, and financial information compiled by 
the Government for administrative purposes formed tne data base for 
this study. As such, an implicit objective of this study was to evalu- 
ate the utility of information collected by the Government as a data 


source for investigating aspects of the health care system. 
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6.2 Findings and Conclusions 


The significant findings arising from this initial attempt to 


develop a methodology for estimating hospital bed utilization by levels 


of care are outlined below. 


1) 


Although there is an abundance of literature on the individual 
topics of: 1) need for health services; 2) allocation of health 
resources using disease, patient, or hospital classification meth- 
odologies; and 3) detailed analyses of differences in utilization 
patterns based on patient origin-destination data, empirical 
Studies could not be located which related these aspects to a 
planning framework for determining acute care bed utilization by 
levels of care. Although the relationship between patient utili- 
zation patterns and the provision of acute care services has been 
thoroughly investigated, the unit of analysis for these studies 
was usually the hospital, rather than assessing variations in the 
use of beds across hospitals. 

Evidence exists that the care-seeking patterns of patients within 
Alberta tend to conform to the three-tier heirarchical configur- 
ation of service constituencies congruent with the regional (or 
ecological) approach to assessing patient utilization. As such, 
the 103 hospital districts were hierarchically clustered to form 
six distinctive geographic service REGIONs and two REFERRAL AREAs. 
There was a minimal flow of patients (1.29% separations) between 
the two REFERRAL AREAs indicating that a definite north-south geo- 
graphic division exits in patient origin-destination flow pat- 


terns. 
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Using various measures of geographic variation in the care-seeking 
patterns of patients, it was possible to classify hospitals and 
hospital districts into three categories, based on whether or not 
primary, secondary, or tertiary services were provided by the hos- 


pital or available in the district. According to the highest 


level of care provided or available, there were eight hospitals 


and two districts designated "tertiary", nine hospitals and four 
districts designated as "secondary", and 104 hospitals and ninety- 
four districts designated as "primary". 

The average length of stay of patients in different Classes of 
hospitals increased directly with the levels of care available; 
while, the average length of stay of patients seeking care outside 
their districts exceeded the average length of stay of patients 
seeking care witnin their districts of origin, except for Edmonton 
and Calgary where all three levels of care were available. 
Estimates of primary, secondary, and tertiary care utilization 
rates, expressed as a percentage of total provincial patient days, 
were respectively: 1) Model A - 66%, 21%, 13%, and 2) Model 8B - 
58%, 30%, 12%. 

Intra-hospital Class variatons existed in the percentage estimates 
of beds in each hospital providing a particular level of care. 
These variations were evident under both Models A and B. The 
widest variations were for the percentage of tertiary care beds in 
Class C hospitals. Hospitals with a high percentage of tertiary 
care beds were those known to be closely affiliated with univer- 
sity medical facilities or hospitals treating special segments of 


the population or restricted disease entities. 
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je) Using either Model A or B, total utilization rates for each Class 
of district increased inversely with the levels of care available. 

8) Models A and B BULPs, expressed in actual bed numbers or percent- 
ages, yielded similar R square values in explaining interhospital 
cost variations. Using either Model, minimal differences in costs 
were evident between Level I and II beds; however, a significant 
cost increase was associated with Level III beds. Large increases 
in diagnostic and therapeutic costs, and moderate increases in 
administration and support services costs accounted for this large 
increment in costs for Level III beds. 

The conclusions arising from this study are presented subse- 
quently. Given the limitations inherent in this study, these conclu- 
sions should be applied only within the geographic context and time- 
frame of this research. Since various aspects of hospital utilization 
in Alberta were not addressed, these conclusions are provisional 
pending the replication and validation, and/or modification of this 
methodology by other researchers. 

1) There appears to be a natural regionalization process occurring 
with respect to patients' use of acute care services in Alberta 
that conforms to the patient's tendency to minimize distance (or 
travel times) in seeking health care services. This was substant- 
jated by the identification of six distinct REGIONs based on 
patient origin (hospital district)-destination (hospital) data. 

2) The results indicate the presence of two mutually exclusive REFER- 
RAL AREAs, dividing the province approximately in half vis a vis 


the population, along an east-west boundary. 


159 


toe) hea hal a) 9 ta EMOR” 


+ 
gonneisot @p86), sz b tw: 


: ve . 
5? . Spegawoat sieves. bay ge stay ot meeqe sds Die 1580 ent 
ove! city ant reaniosmiaey sas) ree oqane bins, Apta at vee ) 
. yp yraned it} leveletinee ceed 4 
segue Dodndasyy andy hice] AD) on/p batrp! pp hee lonopeieat TO 
: ‘ . ive’ : 0 ee ; 
es hnacn aselyeq Gata etter a! gawysial) anopeer hit 9b .os9 >> vel Li 


eosit ons sReingn) pie ygoep eat ntiithe ovine 9) (igh ows 
Shi rary » 
ie 
ry 4q a ? a > 


a ee ee 


> an 


eat) Se? Leas Hadroecs thd agomens, dughiey sande Livvoneaniy 
lane tetuaae “am enotap tani Sead ,beoratohd> To: 
pig, to nordes) Nae ei thbieg nb) te:bb'Dng! din bed hse 2) fre, 
garage peony serteehigadipes lLewien 4st OP eegae: et £ 
siwain nh cavtvnoe \gNe MANO 90 eeu ‘stnntten, CF zeae ieee” eI 
so} soneseite sabutna ah Ygmobmst etanstoe ata) ee aemieinga tate GEE 


So - 


aCe 
Ze 


6.3 


With respect to the research problem, the BULPs methodology ap- 
pears to have utility for estimating the number (or percentage) of 
beds in hospitals used to provide primary, secondary, and tertiary 
care services. 

It would appear that hospital bed utilization patterns as measured 
by the BULP methodology are linked to requirements for different 
levels of care, which in turn are associated with variations in 
hospital operating costs. 

Economies of scale appear to be operant in the provision of dif- 
ferent levels of care, particularly with respect to secondary 
levels of care. This was illustrated by the marginal cost differ- 
ences for diagnostic/therapeutic and administration/support ser- 
vices departments between primary and secondary beds. 

Using unit cost analyses (costs per separations and per patient 
day), it would appear that the diagnostic/therapeutic department 
costs contributed to the major portion of interhospital variations 
in operating costs using the BULP methodology. 

Nursing department costs seem to bear no relation to the levels of 
care provided by hospitals using the BULP methodology. 

The Government data base for acute care hospitals appears to be 
useful for analysing utilization patterns and gross costs assoc- 


jated with acute care hospitals. 


Recommendations 


The following recommendations are based on an integration of the 


findings and conclusions of this study. 


1) 


The Government should adopt a regionalization framework, congruent 


with actual utilization patterns, in assessing hospital bed util- 
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ization and allocating health care resources for different geogra- 
phic service populations. Not only would this facilitate a more 
equitable distribution of resources in line with established care- 
seeking patterns, but it would also identify, for health care 
users, a comprehensive network for obtaining required levels of 
health care. Hopefully, it would also minimize the unnecessary 
duplication of costly services. 
Planning guidelines for the provision of acute care beds should be 
established which incorporate the concept of different levels of 
care. If it is accepted that provincial utilization rates by 
levels of care approximate the need for the different levels of 
care, then regional disparities could be determined against this 
Standard, measured as the number of primary, Secondary, and ter- 
tiary beds per 1000 age-sex adjusted persons-year. 
Financial data collection for hospitals should be re-organized to 
incorporate tne tabulation of program-specific data. This would 
permit a more precise analysis of the cost relationships using the 
BULP methodology. The isolation of outpatient costs from inpat- 
jent costs would also improve the accuracy of cost analysis using 
the BULP methodology. 
In order to validate and extend the methodology employed in this 
study, it is recommended that the following additional research be 
undertaken: that, 
i studies of the average length of stay of patients from rural 
versus urban areas, hospitalized for comparable diagnostic 


and treatment services, be conducted to determine the factors 
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accounting for differences in the average length of stay bet- 
ween these different geographic service populations; 

the BULP methodology be repeated, using morbidity and/or age- 
sex specific data; this could provide more detailed infor- 
mation for particular service populations (e.g., paediatrics) 
and/or specialized programs (e.g., cardiac surgery) which 
have significant resource and planning implications; 

the BULP methodology be repeated at selected intervals to de- 
termine if there are significant changes in utilization pat- 
terns by levels of care over time, as modes of medical prac- 
tice and technological applications change; 

a panel of experts be established to assess the level of care 
requirements of patients based on disease codes and/or treat- 
ment data, and the results be compared to those obtained from 
the BULP methodology in order to establish an alternative 
measure of the utility of the BULP methodology; 

the results of the BULP methodology and its utility in exp- 
laining interhospitail cost variations be assessed® using more 
sophisticated econometric models, in order to re-evaluate the 
cost relationships obtained in this study; and, 

comprehensive studies of the relationship between nursing and 
other major departmental costs, and between nursing depart- 
ment costs and levels of care be undertaken, which would as- 
sist in evaluating the efficient and effective allocation of 


funds across hospitals providing different levels of care. 
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LIST OF ABBREVIATIONS 


ADM - Administration and Support Services Departments 

AHMC - Alberta Hospitals and Medical Care 

ALOS - average length of stay. 

BULP as bed utilization by levels of care profile 

COC - Canadian Disease Classification 

CI - commitment index 

Be - Calgary Region 

CPHA ~ Commission on Professional and Hospital Activities 

DIAG - Diagnostic/Therapeutic Departments 

DIST - hospital district 

DRG - diagnostic related grouping 

ED - Edmonton Region 

GP - Grande Prairie Region 

H-ICDA - Hospital Adaptation of the International Classifi- 
cation of Diseases 

HOSP - hospital 

LB - Lethbridge Region 

Level 1 - primary care 

Level 2.) - secondary care 

Level 3 - tertiary care 

LOS - length of stay 

MH - Medicine Hat Region 

NSG - Nursing Department 

NRA - North Referral Area 

PAS ~ Professional Activities Study 

PDAY - patient day 


RD - Red Deer Region 
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APPENDIX D: 


FORMULAE FOR RELEVANCE AND COMMITMENT INDICES 
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Formulae for Relevance and Commitment Indices 


Relevance Index of the Local Hospital to the Local Hospital 
District equals 


Number of a Local District's Patients separated from 
Local Hospital(s) 
TOTAL number of a Local District's Patients separated 


Relevance Index of Other Districts' Hospitals to the Local 
District equals 


Number of Local District's Patients Separated from 
Specific Non-Local Hospitals 
Total Number of Local District's Patients Separated 


Commitment Index of a Hospital to its Local Hospital District 
equals 


Number of Local District's Patients Separated from 
the Local Hospital(s) 

Total Number of Patients separated from the 

Local Hospital 


Commitment Index of a Hospital to Non-Local Hospital Districts 
equals 


Number of Patients from Specific Non-Local Districts 
Separated from the Local Hospital(s) 

Total Number of Patients Discharged from the Local 
Hospital 


PDAYs may be substituted for SEPs in calculating these indices. 
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